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STUDIES IN CIRCULAR DICHROISM.
SECTION I -  INTRODUCTION
No attem pt to d e a l  in  any d e t a i l  w ith  the phenomena 
a s s o c ia t e d  w ith  c ir c u la r  d ichro ism  can proceed w ith ou t  
r e fe r e n c e  to the p io n eer  work o f  Cotton in  t h i s  d i r e c t io n  
work which has stood the  ac id  t e s t  o f  r e p e t i t i o n  by p r a c t i  
c a l l y  ev ery  i n v e s t i g a t o r  in  t h i s  f i e l d .  Indeed one o f  
the most r e c e n t  p u b l ic a t io n s  i s  a r e p e t i t i o n  o f  C otton’ s 
work in  order to  d i s c u s s  i t  from a modern t h e o r e t i c a l  
sta n d p o in t  ( 2 3 ) .
I t  was in  1895-6  th a t  Cotton f i r s t  pu b lish ed  the 
r e s u l t s  o f  h i s  i n v e s t i g a t io n s  on th e  o p t ic a l  p r o p e r t ie s  
o f  complex s a l t s  o f  copper and chromium (4 ,  5 ) .  In 
p a r t ic u la r  he found that fo r  s u lu t io n s  o f  potassium  
chromium t a r t r a t e  and a lk a l in e  s o lu t io n s  o f  copper t a r ­
t r a t e  an in c id e n t  p lane p o la r is e d  beam o f  l i g h t  emerged 
not o n ly  w ith  i t s  p lan e  o f  p o l a r i s a t io n  turned through  
an angle  r e l a t i v e  to the p lane o f  in c id e n c e ,  b u t ,  in  addi 
t i o n  the emergent l i g h t  was e l l i p t i c a l  not p la n e .  These 
e f f e c t s /
-  2
e f f e c t s  Cotton found to be a s s o c ia te d  w ith  a g iven  ab­
s o r p t io n  band. The o p t i c a l  r o t a t io n  showed a maximum 
on one s id e  o f  the  band and a mimimum on the o th e r ,  the  
r o t a t i o n  p a s s in g  through zero at the head o f  the ban d ,at  
which p o in t  a l s o  t h e  e l l i p t i c i t y  o f  the emergent l i g h t  
a t ta in e d  a maximum. Those a s s o c ia t e d  phenomena, how 
termed the "Cotton E f f e c t rf, may be i l l u s t r a t e d  by the 
diagram below:
E t e -  1
On t h e o r e t i c a l  grounds and as shown e x p e r im en ta lly  
by P r e s n e l ,  ord in ary  o p t i c a l  r o t a t io n  i s  due to the 
d i f f e r e n t  r e f r a c t i v e  in d ic e s  ( or speeds) o f the two 
c ir c u la r  components o f  the  p lan e  p o la r is e d  beam. Cotton  
su g g es ted  th a t  the e l l i p t i c a l  p o la r i s a t io n  might be ex­
p la in e d  on the  assum ption o f  d i f f e r a n t  absorp tion  co­
e f f i c i e n t s  fo r  the two components in  a d d it io n  to th e ir  
d i f f e r i n g  r e f r a c t i v e  i n d ic e s .
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D ir e c t  measurement o f  the  two e x t i n c t i o n  c o e f f i c i e n t s  
f u l l y  confirm ed t h i s  h y p o th e s is  and to t h i s  unequal ab­
s o r p t io n  o f  th e  two forms o f  c i r c u l a r l y  p o la r is e d  l i g h t  
the  term " c ir c u la r  d iehroism " i s  a p p l ie d .
The remarkable r o t a t io n  e f f e c t s  a s s o c ia te d  w ith  the 
appearance o f  c ir c u la r  d iehro ism  in s id e  th e  ab sorp tion  
band in d ic a te d  t h a t  fa r th e r  i n v e s t i g a t io n  a long  th e se  
l i n e s  was l i k e l y  to y i e l d  v a lu a b le  r e s u l t s ,  and r e c e n t  
developm ents in  p h otoch em istry  f u l l y  j u s t i f y  t h i s  v iew .
In order to  e x p la in  the occurrence in  nature o f  com­
pounds which r o ta t e  the  p lane  o f  p o la r i s a t io n  o f  l i g h t  
the i n i t i a l  p rod u ction  a t  some tim e o f  an asymmetric  
compound must be p o s t u la t e d .  By e x te n s io n  o f  the 
p io n e e r  work o f  Dasteur and F isc h e r  s e v e r a l  methods have 
been developed  fo r  the se p a r a t io n  o f  o p t i c a l l y  a c t iv e  
compounds provided  th e re  i s  an asymmetric agen t a v a i l ­
a b le  at some s ta g e  in  the p r o c e s s ,  but th e se  do n o t  fu r ­
n is h  any e x p la n a t io n  o f  the u l t im a te  o r ig in  o f  asymmetry. 
In answer to  the  problem the " v i t a l i s t s "  m aintained that  
in  th e  enormous asymmetric b ia s  in  nature  i t  i s  in d ic a ­
ted  th a t  th e  p rod u ction  and u se  o f  s i n g l e  o p t i c a l l y  
a c t i v e  su b sta n ces  i s  th e  v e ry  p r e ro g a t iv e  o f  l i f e  i t s e l f ,  
and th a t  b e fo r e  l i f e  th ere  were no o p t i c a l l y  a c t iv e  com­
pounds ( 9 ,  1 0 ) .
In c o n tr a s t  to  th e  c o n te n t io n  o f  v i t a l i s m  i t  may be  
p o s t u la t e d /
-  4 -
p o s tu la t e d  th a t  th e  form ation  o f  the  i n i t i a l  o p t i c a l l y  
a c t i v e  isom er must have occurred  by d issym m etr ica l  in ­
f lu e n c e s  o u ts id e  a l l  l i v i n g  organism s, and to  support  
t h i s  th eo ry  some means must be su gg ested  f o r  producing  
a t o t a l  asymmetric s y n t h e s i s .  The photochem ical ac­
t i o n  o f  c i r c u l a r l y  p o la r is e d  l i g h t  i s  a e a se  in  p o in t .
I f  a substance e x h i b i t s  unequal ab so rp tio n  o f  the two 
forms o f  c i r c u l a r l y  p o la r is e d  l i g h t  ( c i r c u la r  d iehroism )  
and i s  moreover decomposed by l i g h t  o f  the wave le n g th  
for  which th e  d iehro ism  i s  pronounced, then i t  i s  to  be 
exp ected  t h a t  d i f f e r e n t  decom p osition  r a t e s  w i l l  be  ob­
ta in e d  on i r r a d i a t io n  by the two forms o f  c i r c u l a r l y  
p o la r is e d  l i g h t .
This id ea  was f i r s t  advanced by Yan*t H off (34)  
and th e  f i r s t  s y s te m a t ic  in v e s t i g a t io n s  were c a r r ie d  
out by Cotton in  1896, but a lthough Cotton i n i t i a t e d  
th e  ex p er im en ta l a t t a c k  in  t h i s  f i e l d  by a s e r i e s  o f  
b r i l l i a n t  r e se a r c h e s  u l t im a te  sutfcess was den ied  him, 
and i t  was not u n t i l  1929 th a t  independent i n v e s t i g a ­
t o r s ,  w i th in  a sh o rt  tim e o f  each o th er , p u b lish ed  r e ­
s u l t s  which d e f i n i t e l y  in d ic a te d  the accomplishment o f  
an asymmetric d ecom p osit ion  by c i r c u l a r l y  p o la r is e d  
l i g h t  (1 6 ,  2 5 ) .
The a tta in m en t o f  th e s e  p o s i t i v e  r e s u l t s  rep re ­
s e n t s  an enormous advance in  s te r e o c h e m is tr y  and 
s u g g e s t s /
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s u g g e s t s  th a t  c lo s e r  exam ination  o f  the  phenomena o f  
c ir c u la r  d iehro ism  i s  l i k e l y  to y i e l d  v a lu a b le  r e s u l t s  
in  the s o lu t io n  o f  many o f  the  problems o f  o p t ic a l  
a c t i v i t y ,  but any attem pt to  provide  a t h e o r e t i c a l  
b a s i s  f o r  the in t e r p r e t a t io n  of r o ta t io n  phenomena 
must fo rm u la te  e x p r e s s io n s  fo r  1he con n ec tio n  between  
the r o t a t i o n  d i s p e r s io n  and c ir c u la r  d iehro ism  in s id e  
a g iv e n  a b so rp tio n  band. Judged by these stan d ard s ,  
the c l a s s i o a l  th eo ry  o f  o p t i c a l  a c t i v i t y  due to  Drude 
r e q u ir e s  r e v i s i o n  s in c e  the Drude fu n c t io n  fo r  the ro­
t a t i o n  d is p e r s io n  becomes d isc o n t in u o u s  at the head o f  
the  a b sorp tion  bands and so cannot provide  any qu anti­
t a t i v e  r e l a t i o n s h i p  throughout the  band. I t  i s  true  
th a t  q u a n t i t a t iv e  r e l a t io n s h ip s  have been d er ived  and 
e x p e r im e n ta l ly  v e r i f i e d  on t h i s  th eory  fo r  the maximum 
and minimum o f  r o t a t io n  compared to  the e l l i p t i o i t y  ob­
se rv e d , ( 1 ) ,  but th e se  are o n ly  true for  p a r t ic u la r  
p o in t s  and do n o t  g iv e  any continuous r e l a t io n s h ip .  Hot 
the  l e a s t  achievem ent th e r e fo r e  o f  v e ry  r e c e n t  th e o re ­
t i c a l  work by Werner Euhn i s  the  m athem atical form u la tio n  
o f  q u a n t i t a t iv e  r e l a t i o n s h i p s  fo r  the a b so rp t io n , c ir c u ­
l a r  d ieh ro ism  and r o t a t io n  d i s p e r s io n  in s id e  as w e l l  as  
o u ts id e  the a b so r p t io n  band (1 3 ,  1 4 ) .  The r e s u l t s  o f  
measurements on th e s e  q u a n t i t i e s  have been very s u c c e s s ­
f u l l y  u t i l i s e d  by Huhn and h i s  co-w orkers to  confirm  the  
t h e o r e t i c a l /
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t h e o r e t i c a l  fo rm u la tio n s  hut so fa r  most o f  the observa­
t io n s  have heen taken fo r  w avelen gth s in  the  u l t r a  v i o l e t  
and, beyond a v e r y  r e c e n t  r e fe r e n c e  in  Compt, r e n d . ,
(3 6 ,  3 7 ) ,  no attem pts appear to  have been made as y e t  by 
other workers to  apply the  a n a ly s i s  o f  Ihihn to other sub­
s t a n c e s .  I t  i s  th e r e fo r e  in tend ed  to d e a l  in  t h i s  t h e s i s  
more f u l l y  w ith  the  th eory  due to  Werner Euhn, p a r t ic u ­
l a r l y  w ith  r e fe r e n c e  to  the  c a lc u la t io n  o f  curves for  
r o t a t i o n  d is p e r s io n  from experim en ta l d a ta  f o r  absorp tion  
and e l l i p t i c i t y .  The work to be d e sc r ib e d  has been  
c a r r ie d  out m ainly  towards the  red end o f  the  v i s i b l e  
spectrum , and w i l l  th u s  prov ide  an i n t e r e s t i n g  t e s t  as  
to whether th e  form ulae a p p lied  w ith  such s u c c e s s  to  ab­
s o r p t io n  bands in  the u l t r a  v i o l e t  w i l l  be o f  equal va lue  
for  a b so rp t io n  in th e  r ed .
There w i l l  be g iv e n  f i r s t  o f  a l l  an account o f  an 
attempt to  extend  a former method fo r  the  d i r e c t  d e te r ­
m ination  o f  the a b so rp t io n  f o r  th e  two forms o f  c ir c u la r  
$
l i g h t ,  and t h i s  i s  fo l lo w e d  by a d e s c r ip t io n  o f  an im­
proved form o f  apparatus which was s u c c e s s f u l l y  employed 
to g iv e  q u a n t i t a t iv e  measurements for  a b so rp t io n , r o ta ­
t io n  and c ir c u la r  d ieh ro ism  throughout th e  v i s i b l e  sp ec­
trum. O b servation s made w ith  the apparatus for  var iou s  
compounds are g iv e n ,  and the  concluding  s e c t i o n  co n ta in s  
a d i s c u s s io n  o f  the r e s u l t s  in  r e l a t io n  to  the theory  o f  
Eiihn*
-  7 -
SECTIOU 2 .
Examination o f  E th y l QC -  brom opropionate.
C ircu lar  d ieh ro ism  i s  th e  term ap p lied  to the un­
equal a b so rp t io n  o f  the  two forms o f  c i r c u la r ly  p o la r ­
ise d  l i g h t ,  which m a n ife s t s  i t s e l f  by the appearance 
o f  an emergent e l l i p t i e a l l y  p o la r i s e d  beam from i n c i ­
dent plane p o la r is e d  l i g h t .  The magnitude o f  the  
e f f e c t  may th e r e fo r e  be ex p ressed  a s  the d i f f e r e n c e  o f  
the e x t i n c t i o n  c o e f f i c i e n t s  fo r  r ig h t  and l e f t  c i r c u la r  
l i g h t ,  r e s p e c t i v e l y ,  or as the  an g le  which c h a r a c te r i s e s  
the e l l i p t i c i t y  o f  the emergent v ib r a t io n .  In the  
e a r l i e r  methods employed fo r  the  d e term in a t io n  o f  e i th e r  
o f  th e s e  q u a n t i t i e s  p ro g ress  was s lo w , due to  the n e ­
c e s s i t y  fo r  s p e c i a l l y  e la b o ra te  apparatus before  even  
m oderately  s a t i s f a c t o r y  r e s u l t s  could  b e  o b ta in ed . An 
improvement towards s i m p l i c i t y  o f  procedure i s  seen  in  
the method s u c c e s s f u l l y  in troduced  by M itc h e l l  fo r  the  
study o f  th e  c ir c u la r  d iehro ism  o f  ca ry o p h y llen e  n i t r o -  
s i t e  ( 2 4 ) .  This c o n s i s t s  e s s e n t i a l l y  o f  sp eo trop h oto -  
graphic  exam ination  o f  the a b so rp t io n  fo r  the two forms 
of c i r c u la r  l i g h t ,  a F r e sn e l  t r ip r i s m  b e in g  employed to  
give  two con tigu o u s  beams o f  l i g h t ,  one r ig h t  c ir c u la r  
and th e  other l e f t .
At the  b e g in n in g  o f  th e  work d e sc r ib ed  in  t h i s  
t h e s i s /
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t h e s i s  the  announcement o f  p o s i t i v e  r e s u l t s  in  asymme­
t r i c  p h otoch em istry  had ju s t  been  made by Kuhn and 
Braun ( 1 6 ) .  Prom the form o f  the r o t a t io n  d i s p e r s io n  
curve fo r  e t h y l b r o m o p r o p i o n a t e  th e se  authors assumed 
th e  e x i s t e n c e  o f  c ir c u la r  d ieh ro ism  about 2800 A.U. and 
the  p o s i t i v e  r e s u l t s  o b ta in ed  on i r r a d ia t io n  o f  the  
racemate by c i r c u l a r l y  p o la r is e d  l i g h t  o f  approxim ately  
th a t  wave le n g th  j u s t i f i e d  t h e i r  assum ption.
I t  was d ec id ed  to employ th e  method s u c c e s s f u l l y  
used by  M itc h e l l  in  the  extreme red r eg io n  o f  the sp ec ­
trum and to t e s t  i f  i t  could be s u f f i c i e n t l y  m odified  
fo r  an exam ination  o f  e th y l  bromopropionate in  the  
u l t r a  v i o l e t .
P rep a ra t io n  o f  o p t i c a l l y  a c t iv e
e th y l  Q( -  bromo-propionate. CHjCH ByC O OC^Hf
The s t a r t i n g  product fo r  the fo rm a tio n  o f  t h i s  
su b stan ce  was commercial l a c t i c  a c id  syrup which  
u s u a l l y  shows a s l i g h t  o p t i c a l  a c t i v i t y  due to  a 
preponderance o f  one o f  th e  a c t iv e  isom ers . This 
a c t i v i t y  i s  enhanced by the form ation  o f  h ig h ly  r o ta ­
to r y  l a c t i d e s .  V arious samples were examined p o l a r i -  
m e t r i c a l ly  u n t i l  a specim en showing a f a i r l y  h igh  ac­
t i v i t y  was ob ta in ed . The syrup f i n a l l y  used showed 
° W /  (200 mm)+ 20*6? An exam ination o f  t h i s  by the  
sodium s a l t  method o f  P a t te r s o n  and Forsyth  (28) in ­
d ic a te d  th a t  about 75^ o f  the  syrup was d - l a c t i o  a c id .  
T h is /
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T h is  l a c t i c  ac id  syrup was r e s o lv e d  by c r y s t a l l i s a ­
t io n  o f  f i r s t  th e  z in c  and th en  th e  z in c  ammonium 
s a l t s  as d e sc r ib e d  by P a t te r so n  and Lawson (2 9 ) ,
The f i n a l l y  p u r i f i e d  c r y s t a l l i n e  z in c  ammonium 
d * la o ta te  showed 0 4 ^ ,  ( 200mm) + 1* 98* f o r  1*6 gms. 
in  20 cms. d i l u t e  ammonia s o lu t io n .  E thyl d - l a c t a t e  
was o b ta in ed  from th e  z in c  ammonium s a l t  by re f lu x in g  
w ith  e t h y l  a lc o h o l  and su lp h u r ic  a c id  fo r  se v er a l  
hours ( 3 3 ) .  The pure product b o i l e d  a t  55°/l3mm and
if 0
showed (100mm) =+12*73. The brom ination o f
t h i s  e s t e r  was c a r r ie d  out in  chloroform  s o lu t io n  by 
phosphorus pentabromide ( 3 2 ) .  The e th y l  -  bromo­
p ro p ion ate  thus ob ta in ed  b o i le d  a t  49* -  51° / lO  -  12 mm. 
and 57° -  58° /1 6  -  17 mm. and showed 100 mm)-57«38
a n d  ~ 4 9 , 3 9  •
This e s t e r  i s  a c o lo u r le s s  l i q u i d  when pure but  
r a p id ly  becomes y e l lo w  even in  subdued a r t i f i c i a l  l ig f r t .  
The vapour o f  th e  l i q u i d  cau ses  grea t  i r r i t a t i o n  to 
the  e y e s .
Photographic  exam ination  for  
e v id en ce  o f  c i r c u la r  d iehro ism .
As used  fo r  the p rev iou s work w ith  ca ry op h y llen e
n i t r o s i t e ,  th e  component p a r ts  o f  the F r e sn e l  tr ip r ism
were cemented to g e th e r  by Canada Balsam. For work in
the u l t r a  v i o l e t  the  a b so rp t io n  due to the balsam had
to be avoided  and to overcome t h i s  d i f f i c u l t y  the Cadada
Balsam/
-  1 0 .-
Balsam was removed and the  f a c e s  o f  th e  component p r i sm s  
p u t  i n t o  o p t i c a l  c o n t a c t  by M ess r s .  Adam H i l g e r .  A 
l l i c k e l  s p a r k  was used  as so u rce  o f  u l t r a  v i o l e t  l i g h t  
s i n c e  th e  number o f  l i n e s  a t  2800 A.U. a s s i s t  the exami­
n a t i o n .
E xcep t  f o r  the  m o d i f i c a t i o n s  r e n d e r e d  n e c e s s a r y  by 
t h e  i n t r o d u c t i o n  o f  the  P r e s n e l  t r i p r i s m  f o r  the two con­
t i g u o u s  beams o f  c i r c u l a r  l i g h t  the  p ro c e d u re  ado p ted  was 
t h a t  g e n e r a l l y  employed f o r  a b s o r p t i o n  s p e c t r o p h o t o g r a p h y  
i n  t h e  u l t r a  v i o l e t  and t h e  a p p a r a t u s  employed i s  i l l u s ­
t r a t e d  i n  f i g u r e  2 below.
Quortj sjxctrograph' Lens. Baly tube Fresnel triprism
C
Collimator. Ni Spark
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The p r in t  on fo r e g o in g  page shows the ab so rp tion  
due to  a 0*22^ s o lu t io n  o f  e t h y l  OC -bromopropionate in  
a lc o h o l .  The a b so rp tio n  fo r  the one form of c ir c u la r  
l i g h t  appears in  the  upper o f  each pair  o f  exposures  
w h i l s t  the  lower shows the a b so rp t io n  fo r  the other  
form. I t  w i l l  be seen  th a t  no d i f f e r e n c e  o f  ab sorp tion  
i s  apparent fo r  the two forms o f  l i g h t  at the wave 
le n g th  (about 2800 A.U. ) for  which i t  might be expected  
even a lthough  th e  g r e a t  d i s p e r s io n  in  t h i s  s p e c t r a l  
r eg io n  by th e  type o f  apparatus employed a s s i s t s  the  
s e n s i t i v i t y .  Later p u b l ic a t io n s  by Kuhn (14 ) showed 
th a t  the c ir c u la r  d iehro ism  was indeed v e ry  sm a ll ,  but 
th e  f a c t  th a t  i t  had been found p o s s ib le  to measure by 
other methods a d ic h r o ic  e f f e c t  which was n ot observed  
by th e  above apparatus in d ic a te d  th a t  w h i l s t  good as a 
d i r e c t  approach to  the problem, the method i s  n o t  
s u f f i c i e n t l y  r e f in e d  for  the o b se r v a t io n  o f  sm all  
e f f e c t s .
-  IE -
SECTION S .
Improved Methods and Apparatus far D eterm ination  o f  
R o ta t io n  D isp e r s io n ,  C ircu lar  D iehroism  and A bsorption .
I t  was mentioned p r e v io u s ly  that the magnitude o f  the  
c ir c u la r  d ic h r o ic  e f f e c t  may he expressed  as the angle  
which c h a r a c t e r i s e s  the e l l i p t i c i t y  o f  th e  l i g h t  emerging 
from the  s o l u t i o n ,  hut th a t  o lder methods for the d e te r ­
m ination  o f  t h i s  q u a n t ity  were not e n t i r e l y  s a t i s f a c t o r y .  
Oreat p rog ress  in  t h i s  f i e l d  was rendered p o s s ib l e  by the  
p u b l ic a t io n  by Bruhat (2 )  o f  a su ggested  apparatus for the  
measurement o f  e l l i p t i c i t y  w ith standard o p t i c a l  i n s t r u ­
ments. The g r e a t  advantage o f  t h i s  method l i e s  in  th e  
f a c t  th a t  by  means o f  an attachment to  an ord in ary  p o lar i-  
m eter, q u a n t i t a t iv e  measurements o f  r o t a t io n  and c ir c u la r  
diehro ism  can b e  made thoughout th e  v i s i b l e  spectrum w ith  
p r a c t i c a l l y  the ease  and s i m p l i c i t y  o f  ord inary r o ta t io n  
d is p e r s io n  o b s e r v a t io n s .  Moreover w ith  s l i g h t  m o d if ic a ­
t io n  a s im i la r  method has been employed by Kuhn for con­
t in u in g  th e  measurements f a r  in to  the  u l t r a  v i o l e t  (1 8 ) .  
The th eo ry  and su g g es ted  form o f  apparatus i s  here b r i e f l y  
summarised from B ruhat’ s p u b l i c a t io n s  ( 2 ,  3) b e fore  g iv in g  
an account o f  th e  f i n a l  methods found to  g iv e  very  s a t i s ­
f a c to r y  r e s u l t s .
^he j
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The 311i.p ti c a l  V ib r a t io n .
The form o f  an e l l i p t i c a l  v ib r a t io n  i s  d e f in ed  by  
the r e l a t i o n s h i p  ~  o f  minor to major a x i s .  This r e -a
l a t i o n s h i p  ( th e  e l l i p t i c i t y )  i s  c h a r a c te r is e d  by the
angle  whose a b so lu te  va lu e ,,  l e s s  than 4 5 ° ,  i s  de-
I
 Idtan  as g* I t  i s  convenien t to  co n s id er
t h i s  angle p o s i t i v e  for  r ig h t  e l l i p s e s ,  and n e g a t iv e  
fo r  l e f t  e l l i p s e s .  7/hen the  minor a x is  b i s  equal to  
zero , the v ib r a t io n  i s  r e c t i l i n e a r  and the e l l i p t i c i t y  
zero . When th e  minor a x is  i s  equal to  the major a x is  
the v ib r a t io n  i s  c i r c u la r ,  i t s  e l l i p t i c i t y  i s  -4-45° fo r  
a r ig h t  c i r c u la r  v ib r a t io n  and -45° far  a l e f t .
The e f f e c t  o f  the Quarter Wave P l a t e .
I t  can be shown th a t  a r e c t i l i n e a r  v ib r a t io n ,  a f te r  
t r a v e r s in g  a quarter wave p l a t e ,  y i e l d s  an e l l i p t i c a l  
v ib r a t io n  whose axes c o in c id e  w ith  th ose  o f  the p l a t e ,  
and th e  e l l i p t i c i t y  o f  t h i s  e l l i p s e  i s  eq u a l to  the angle  
between the  in c id e n t  v ib r a t io n  and the slow  a x i s  o f  the  
qua r t  e r w av e . . .  . . .  . . .  . . .  . . .  . . .  . . .  1 .
and c o n v e r s e ly ,
i f  an e l l i p t i c a l  v ib r a t io n  f a l l  on a quarter  wave 
p la t e  so th a t  th e  axes o f  th e  e l l i p s e  c o in c id e  w ith
th o se  o f  the p l a t e ,  the emergent v ib r a t io n  i s  r e c t i ­
l in e a r  and th e  angle  between the alow a x i s  o f  Hie quarter  
wave and the  emergent r e c t i l i n e a r  v ib r a t io n  i s  equal to  
the e l l i p t i c i t y  o f  the e l l i p s e  . . .      2*
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I t  can be fu r th e r  ah own thpt fo r  the more g en era l  
case  o f  an e l l i p t i c a l  v ib r a t io n  s t r i k i n g  a quarter wave, 
where the axes o f  v ib r a t io n  and quarter wave do not  
c o in c id e ,  t h a t ,  provided th e  a n g le s  r e p r e se n t in g  azimuth  
o f  axes  (<X ) and e l l i p t i c i t y  (% ) o f  in c id e n t  v ib r a t io n  
are sm a l l ,  the e l l i p t i c i t y  o f  the emergent v ib r a t io n  ( )  
i s  eq u a l to  th e  angle between the major a x is  o f  the i n c i ­
dent v ib r a t io n  and s low  a x is  o f  quarter wave and
an g le  (tf! ) between major a x is  o f  emergent v ib r a t io n  and 
slow a x is  o f quarter wave i s  equal t o  the  e l l i p t i c i t y  o f
the in c id e n t  v ib r a t io n .  ( ^ < 5 0 . . .     3 .
A p p l ic a t io n  to ex p er im en ta l proced ure .
For a sim ple c a se  where th ere  i s  no r o ta t io n  at the  
p o in t  where the  d ieh ro ism  i s  to  be measured ( e . g .  at the 
head o f  the band) th ere  may be employed an apparatus as
shown below:
g i g .  3 .
Before the  i n s e r t io n  o f  the tube T and quarter wave 
Q the a n a ly ser  A i s  s e t  a t zero fo r  the l i g h t  through  
the p o l a r i s e r  F. T h ereafter  the qu arter  wave Q i s  in ­
trod u ced , w ith  i t s  slow a x i s  approxim ately  p a r a l l e l  to  
the  v ib r a t io n  from P and i t s  o r i e n t a t i o n  adju sted  u n t i l  
t h e r e /
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there  i s  once more e q u a l i t y  o f  i l lu m in a t io n  in  the f i e l d s  
se en  by th e  observer;  the  slow a x i s  o f  Q i s  th en  p a r a l l e l  
to  the v ib r a t io n  fu r n ish ed  by P and in d ic a te d  by A.
On th e  in tr o d u c t io n  o f  the tube T c o n ta in in g  the c i r ­
c u la r ly  d io h r o ic  s o lu t io n  w ith  zero r o t a t i o n ,  the emergent 
v ib r a t io n  from T i s  e l l i p t i c a l ;  th e  major a x is  in  plane o f  
in c id e n t  v ib r a t io n .  The v ib r a t io n  in c id e n t  on the quarter  
wave Q i s  th e r e fo r e  an e l l i p s e  w ith  i t s  axes c o in c id in g  
w ith  th o se  o f  th e  quarter  wave and hence by (2 )  the emer-l»«J€ IS.
gent v ib r a t io n  i s  r e c t i l i n e a r ,  the  angle  between th e  emer­
g e n t  v ib r a t io n  and th e  slow a x is  o f  Q b e in g  equal in  
magnitude to  th e  e l l i p t i c i t y  o f  the in c id e n t  v ib r a t io n .
This angle  i s  read by s e t t i n g  th e  a n a ly ser  A to  equal  
i l lu m in a t io n  and th e  measurement o f  d ieh ro ism  in  t h i s  
s im ple  c a se  th e r e fo r e  becomes the  same as the measure­
ment o f  ord in ary  r o t a t i o n ,  w ith  the same d egree  o f  
accu racy .
E x te n s io n  to S o lu t io n s  e x h ib i t in g  R o ta t io n  as w e l l  as 
d ieh ro ism .___________________________________________________
In order to  extend t h i s  method to  s o lu t io n s  showing 
both  r o t a t io n  and d iehro ism  i t  i s  o n ly  n e c e ss a r y  to  com­
p en sa te  f i r s t  for  th e  r o t a t i o n  o f  the s o lu t io n  by turn­
in g  the p o l a r i s e r  P. The emergent l i g h t  from tube T i s  
then e l l i p t i c a l  w ith  i t s  axes corresp ond ing  to th o se  o f  
Q, I .
The /
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The drawback to  t h i s  form o f  procedure i s  t h a t  both  
A and P should  he mounted on graduated c i r c l e s ,  P g iv in g  
the r o ta t io n  and th e  d ieh ro ism . S in ce , however, the  
s o l u t i o n  i s  i s o t r o p i c  th e  procedure can be m odified  by  
in terch a n g e  o f  l i g h t  source and o b ser v er ,  f i r s t  s e t t i n g  
P and th en  in s te a d  o f  r o t a t in g  A tu rn in g  both  Q and P 
a t  the same r a t e  in  the same s e n s e .  By exam ination  o f  
the  diagrammatic r e p r e s e n ta t io n  o f  t h i s  method i t  w i l l  
be seen  th a t  i t  can be c a r r ie d  out w ith  an o rd in ary  
p o la r im e t e r , provided th ere  i s  in trodu ced  a f t e r  the  
p o l a r i s in g  prism a quarter wave p la te  on a graduated  
c i r c l e  capable o f  r o t a t io n  in  the  plane o f  mounting  
and o f  removal and r e - in t r o d u c t io n  in  the same o r ie n ta ­
t i o n .
g i g .  4 .
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F ig .  5 .
The type o f  mounting f o r  the Quarter Wave introduced  
ju s t  a f t e r  th e  p o l a r i s in g  prism  i s  i l l u s t r a t e d  in  F ig .  5 .  
M M i s  a s l i d e  vhich  runs a long  th e  gro o v es  G G and in  
which the  th r e e  h o le s  Q, , 1 ,  Q* are made as shown. In  
the  two o u ts id e  sp aces  are p la c ed  mica p l a t e s ,  quarter  
wave f o r  y e l lo w  and b lu e  l i g h t ,  r e s p e c t i v e l y ,  two such 
p l a t e s  b e in g  s u f f i c i e n t l y  a ccu ra te  f o r  the whole s p e c t r a l  
range and much more c o n v e n ien t  than a s e r i e s  o f  p l a t e s ,  
each a c c u r a te ly  quarter wave fo r  in d iv id u a l  c o lo u r s .  The 
o e n tre  space i s  l e f t  b lan k . The w hole  system  p iv o t s  
around the  o en tre  and the  amount o f  r o t a t io n  i s  read on 
the  graduated  c i r c l e  a t  d  • By t h i s  means one or o ther  
o f  the p l a t e s  can be in trodu ced  in  th e  path  o f  the  l i g h t  
ray and removed w ith ou t d is tu r b in g  the  o r ie n t a t io n  of the  
system .
By m o d i f ic a t io n  o f  th e se  s u g g e s t io n s  to s u i t  in ­
d iv id u a l  req u irem en ts and b y  the in tr o d u c t io n  o f  a 
s u i t a b l e /
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s u i t a b le  l i g h t  source  and monochrome ter  i t  was found 
p o s s ib l e  to  arrange th e  apparatus d escr ib ed  below ,  
f e a t u r e s  o f  w hich are i t s  c o n str u c t io n  employing s ta n ­
dard o p t i c a l  instrum ents and i t s  u t i l i s a t i o n  for read­
in g s  o f  r o t a t io n  and e l l i p t i c i t y  throughout th e  e n t ir e  
v i s i b l e  spectrum ,
A S p ectro p o la r im eter  was formed by combining a 
H ilg e r  p o la r im eter  w ith  a E i lg e r  c o n sta n t  d e v ia t io n  
s p e c tr o s c o p e .  Two sym m etrical s l i t s  were f i t t e d  to  
the s p e c tr o s c o p e ,  th a t  next the  p o la r im eter  having a 
l a t e r a l  adjustm ent w h i l s t  th e  p o l a r i s in g  system  o f  the  
p o la r im e te r  was turned through 90P so as to  s u i t  the  
v e r t i c a l  f i e l d  n e c e s s a r y  fo r  the sp ec tro m eter . As a 
l i g h t  so u r c e ,  good throughout the  spectrum, but p a r t i ­
c u l a r l y  u s e f u l  f o r  r e a d in g s  fa r  in to  the r e d ,  a 1000 
o .p .  P o i n t o l i t e  lamp was found most s u i t a b l e ,  A 
mercury-vapour lamp was used fo r  c a l i b r a t io n  purposes.  
The l i g h t  from th e  P o i n t o l i t e  lamp was condensed d i r e c t ­
l y  on th e  f r o n t  s l i t  o f  th e  s p e c tr o s c o p e ,  w h i l s t  t h a t  
from the mercury-vapour lamp came from th e  s id e  and was 
fo cu sed  on a sm all t o t a l l y  r e f l e c t i n g  prism which could  
be moved away from th e  s l i t  when not req u ired .
•x-
The n e c e s s a r y  m echan ica l a d d it io n s  and a l t e r a ­
t io n s  to  th e  apparatus were v e ry  e f f i c i e n t l y  
c a r r ie d  out by M essrs . McCulloch in  th e  work­
shop o f  the Chemistry Department o f  t h i s  
U n iv e r s i t y .
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The quarter  wave p la t e  fo r  th e  e l l i p t i c i t y  measure­
ments mounted on th e  s p e c i a l  ho lder  d e sc r ib ed  above was 
in trodu ced  im m ediate ly  a f t e r  the p o la r i s in g  system . At 
f i r s t  th e  r o t a t io n  o f  th e  p la t e  was read by a v e r n ie r  
s c a l e  as recommended by Bruhat ( 3 ) ,  but due to the con­
s t r u c t io n  o f  the H ilg er  in stru m en t, t i e  s c a le  had to  be 
s i t u a t e d  some d is ta n c e  from the  ob server  on the  s id e  
n ext  the  l i g h t  sou rce  and the in con ven ien ce  o f  reading  
was i n t e n s i f i e d  when a therm ostat was n e c e ssa r y  fbr the 
o b s e r v a t io n  tu b e . The e l l i p t i c i t i e s  under c o n s id e r a ­
t i o n  do n o t  exceed  a few d e g r e e s ,  and i t  was found to be 
a g r e a t  advantage to c o n t r o l  the r o t a t i o n  o f  th e  quarter  
wave p la t e  by an arrangement e x a c t l y  s im ila r  to the 
a n a ly se r  f in e - a d  j u s t  men t  and to  f i t  b o th  r e g u la t in g  
screws w ith  graduated drums. One d i v i s i o n  on each drum 
corresponded to  a r o ta t io n  o f  0*012°.
For a l l  measurements, th e  s o lu t io n  was con ta in ed  in  
a 6 cm. or 2*5 cm. g l a s s  tube w ith  cemented end p i e c e s .
The end p ie c e s  must be s p e c i a l l y  t e s t e d  fo r  s t r a i n  and 
a sm all c o r r e c t io n  fo r  the e l l i p t i c i t y  made when n e c e ssa r y .  
Ordinary p o la r im e te r  tub es  w ith  ends held  in  p o s i t i o n  by 
m eta l screw caps are q u i t e  u n su ita b le  for  t h i s  type  o f  
work. To avoid  th e  u se  o f  g l a s s  windows in  the  thermo­
s t a t ,  the ends o f  the tube were h e ld  in  b r a s s  s l e e v e s  
which/
- so -
which p a ssed  through rubber s to p p ers  in  the v /a lls  o f  the 
th erm o sta t .  Short p ie c e s  o f  rubber tub ing  f i t t i n g  o v er  
both  s l e e v e s  and o b se r v a t io n  tu b e , made the arrangement 
w a t e r - t i g h t .  The therm ostat temperature was c o n t r o l le d  
by a therm oregu la tor  o f  th e  type d e sc r ib ed  by P a tterson  
( 2 7 ) .
Measurements o f  r o ta t io n  and e l l i p t i c i t y  were made 
in  the f o l lo w in g  way. The sp ec tro sco p e  drum was s e t  for  
the  d e s ir e d  w a v e -len g th  and a s u i t a b le  h a lf-sh ad ow  angle  
chosen . XText, the  a n a ly ser  v/as a d ju sted  to i t s  zero  
p o s i t i o n ,  the quarter  wave p la t e  ( X = 5890 A. U . ) 
in tro d u ced , and i t s  o r ie n t a t io n  r e g u la te d  to m a in ta in  
equal i l lu m in a t io n  in  th e  t r i p l e  f i e l d .  The s o l u t i o n  
under exam ination was in tr o d u ce d , the  quarter  wave p la te  
removed, and a d e ter m in a t io n  o f  the  r o t a t io n  made in  
the u su a l  way. The q u arter  wave p la t e  was then r e ­
in tr o d u ce d , and i f  th e  s o lu t io n  e x h ib i t e d  c i r c u la r  
d ieh ro ism  the e q u a l i t y  o f  th e  i l lu m in a t io n  was d e str o y ed .  
E q u a lity  was r e s to r e d  by tu rn in g  both the quarter  wave 
p la t e  and the an a ly ser  in  th e  same d i r e c t io n  through the  
same a n g le .  This angle  g i v e s  the amount o f  the e l l i p t i ­
c i t y .  In order to  determ ine i t s  s ig n ,  the s im p lest  
method i s  to examine a s o lu t io n  of known e l l i p t i c i t y  in  
the  apparatus. A lk a l in e  s o lu t io n s  o f  copper d - t a r t r a t e  
g iv e  n e g a t iv e  e l l i p t i c i t i e s  and are con v en ien t  fo r  t h i s
purpose.
The/
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The a b so r p t io n  measurements were made w ith  a H ilg e r -  
ITutting photom eter. T his was employed a long w ith the 
c o n s t a n t - d e v ia t io n  sp ec tro sco p e  r e fe r r e d  to above. The 
p o la r im eter  therm ostat was adapted fo r  use w ith  t h i s  a r ­
rangement by  f i t t i n g  an a d d it io n a l  tube f o r  the s o lv e n t .  
This cou ld  be done e a s i l y ,  s in c e  the  c e n tr e s  o f  the  two 
a p ertu res  o f  th e  photometer were separated  h o r iz o n t a l ly  
by 38 mm. A 100 c .p .  P o i n t o l i t e  lamp was used as  l i g h t  
source fo r  the a b so r p t io n  measurements. I o g ( l 0 / l ) i s  
read d i r e c t l y  from the  photom eter s c a l e .
( I 0 a in c id e n t  i n t e n s i t y ,  I  « emergent i n t e n s i t y ) .
By means of t h i s  apparatus th e re  were o b ta in ed  the  
r e s u l t s  d e sc r ib ed  in  th e  subsequent s e c t i o n s .
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S e c t io n  4 .
R e su lt s  o f  Measurements f o r  
Cary o p h y ll  ene Nit ro s i  t  e . C(f 0,
The C ircu lar  d iehroism  and r o ta t io n  d is p e r s io n  o f  
t h i s  substance had been p r e v io u s ly  examined by M itc h e l l  
w ith  the methods o u t l in e d  in  the S ec t io n  on e th y l  01 -  
brom opropionate, b u t  i t  was con sid ered  o f  v a lu e  to  study  
th e se  e f f e c t s  in  a new s o lv e n t  by means o f  the  apparatus 
o f  S e c t io n  3 , and to  ob ta in  q u a n t i ta t iv e  measurements for  
ab sorp tion  and e l l i p t i c i t y  in a form s u i t a b le  for the  
t h e o r e t i c a l  treatm ent in  a l a t e r  s e c t io n .
P re p a r a t io n .
Caryophyllene 'is an o p t i c a l l y  a c t iv e  se sq u ite r p e n e  
c o n ta in in g  th e  grouping || and the n i t r o s i t e  i s
d
C% CH*
formed by the  a d d it io n  o f  IT* Q, at th e  double bond, and s in c e  
one of the  carbon atoms i s  th e n  jo in ed  to fo u r  d i f f e r e n t
Y -  m
groups i t  becomes asymmetric as in d ic a t e d .
CfCNjH,
'The e x i s t i n g  o p t i c a l  a c t i v i t y  in  the ca ry o p h y llen e  m olecule
QUO
appears to be s u f f i c i e n t  to cause the e x c lu s iv e  form ation  
o f  the d e x tr o r o ta to r y  n i t r o s i t e .
The/
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The method employed was e s s e n t i a l l y  th e t  o f  Tremors 
and S ch re in er  ( 1 2 ) ,  the  a d d it io n  in  sm all q u a n t i t i e s  o f  
g l a c i a l  a c e t i c  a c id  to  a w e l l  co o led  mixture o f  caryo-  
p h y l la n e ,  sa tu r a te d  sodium n i t r i t e  s o lu t io n ,  and p e tr o ­
leum e th e r ,  v/hich le a d s  to th e  l i b e r a t i o n  o f  the n i tr o u s  
anhydride and i t s  a b so rp t io n  by the c a r y o p h y lle n e . As 
the  compound formed i s  l i g h t  s e n s i t i v e ,  th e  p reparation  
was c a r r ie d  out in  a dark room, u s in g  o n ly  a sm all blue  
l i g h t  f o r  i l lu m in a t io n .  R e c r y s t a l l i s a t io n  from a lc o h o l ,  
aqueous a c e to n e ,  and se v e r a l  t im es  from acetone in  the 
dark was req u ired  to g iv e  the pure deep b lue  c r y s t a l s  
m e lt in g  sh a rp ly  at 115° when q u ick ly  h ea ted .
Observat i o n s .
By means o f  the  apparatus d escr ib ed  in  S e c t io n  3 
the o b se r v a t io n s  shown in  the  accompanying ta b le  were 
obta in ed  fo r  a s o lu t io n  c o n ta in in g  *009 m o l . / l i t r e  
o f  th e  n i t r o s i t e  in  to lu e n e ,  taken a t  19*C. A 6 cm. 
tube was used fo r  r o t a t io n s  and e l l i p t i c i t i e a  u n t i l  
the  a b so r p t io n  became to o  g r e a t ,  when a 2 .5  cm. tube was 
employed. The r e s u l t s  for  r o t a t io n  and e l l i p t i c i t y  are 
recorded as m o lecu lar  q u a n t i t i e s .  The mean o f  a con­
s id e r a b le  number o f  rap id  d e term in a t io n s  was found to be 
the b e s t  method o f  o b ta in in g  r e l i a b l e  read in gs f o r  the 
d i f f i c u l t  but im portant o b se r v a t io n s  from 6200 A.U. 
t o /
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to  6900 A .U .,  where in  a d d it io n  to  the d e crea s in g  s e n s i ­
t i v i t y  o f  the eye for  m atching o f  c o lo u r s  th e re  i s  added 
the d is tu r b in g  in f lu e n c e  o f  th e  e l l i p t i c a l  l i g h t ,  which  
ren ders f i n e  s e t t i n g  o f  the a n a ly ser  s c a le  v ery  d i f f i c u l t .
The a b so rp t io n  was examined in  10 cm. c e l l s ,  and 
recorded as the m olecu lar  e x t in c t io n  c o e f f i c i e n t  
d e f in e d  by I ■ I* 10”'KC<3' (d in  cm. c in  m ols. per 
l i t r e ) .
In a s s e s s i n g  the  importance o f  an absorption  band, 
both  fo r  asymmetric p h otoch em istry  and for i t s  c o n t r i ­
b u t io n  to the  o p t i c a l  r o ta to r y  power o f  the m o lecu le ,  
th e  q u a n t i ty  o f  s i g n i f i c a n c e  i s  r e f e r r e d  to  by Bruhat 
(3  page 249) as t h e " r e la t iv e  d i f f e r e n c e  o f  absorption"  
for  l e f t  and r ig h t  c i r c u l a r l y  p o la r is e d  l i g h t  and by  
Kuhn (1 4 ,  15) as the " an iso tro p y  f a c t o r " .  With a v iew  
to i t s  employment l a t e r  in  the  t h e o r e t i c a l  s e c t i o n ,  the 
q u a n t i ty  d e f in e d  by Kuhn i s  c a lc u la t e d  wherever p o s s ib le  
fo r  th e  r e s u l t s  o f  measurements. This a n iso tr o p y  
f a c t o r  "g" i s  d e f in e d  as g * — where
are r e s p e c t i v e l y  th e  a b so r p t io n  c o e f f i c i e n t s  for  l e f t  
and r ig h t  c i r c u l a r l y  p o la r is d d  l i g h t ,  and o rd in a ry  l i g h t ,  
but in  p r a c t i c e  i t  i s  g e n e r a l ly  determ ined by measure­
ments o f  e l l i p t i c i t y  and ord inary  a b so r p t io n . Under 
the p r e se n t  c o n d i t io n s ,  when o b s e r v a t io n s  made w ith  the 
same s o l u t i o n  are  reduced fo r  th e  same le n g th  o f  s o lu ­
t io n  under th e  same c o n d it io n s  the  a n iso tr o p y  f a c t o r  
becom es/
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becomes equal to  — * where T  i s  observed
L o g .I o / I
e l l i p t i c i t y  in  r a d ia n s . (1 8 ) •
This q u a n t i ty  was c a lc u la t e d  fbr the r e s u l t s  ob­
ta in e d  w ith  c a ry o p h y llen e  n i t r o a i t e  and i s  shown in the 
l a s t  column o f  the ta b le  on sh e e t  25 ( a ) .  I t  Yri.ll be 
se e n  th a t  i t  i s  remarkably c o n sta n t  in s id e  th e  ab sorp tio n  
band, in  accordance w ith  the  p r e d ic t io n s  o f  Kuhn1s theory  
( S e c t io n  7 ) .  The gen era l form o f  the  r o ta t io n  d is p e r s io n  
curve i s  th a t u s u a l ly  a s s o c ia t e d  w ith  the appearance o f  
c ir c u la r  d ich ro ism  i n s i d e  an a b so rp t io n  band, as in d ic a te d  
in  F igure 1 o f  the in tr o d u c t io n .  A d i s c u s s io n  o f  the 
f u l l  s i g n i f i c a n c e  o f  the curves and the c a lc u la t io n  of 
the  r o t a t io n s  from th e  a b so rp t io n  and e l l i p t i c i t y  d a ta ,  
i s  g iv e n  in  S e c t io n  7 .
-  25 (a ) -
ROTA TI Oil DISPERSION AND CIRCULAR DICHROISM 
OR CnHYOPHYLLME ITITROSITE.
In t h i s  Table th e  r e s u l t s  f o r  r o t a t io n ,  c i r c u la r  d i -  
chroiam, and a b so r p t io n  are g iv e n  as observed v a lu e s  o f  
r o t a t io n ,  e l l i p t i c i t y  ( in  d e g r e e s ) ,  and Log I0 / l  fo r  a 
6 cm., tu b e ,  under which c ircu m stances the a n iso tro p y  fa c ­
to r  "gIT in  the l a s t  column i s  equal to  — 'lJ£5K *,lt>heiry .. 
The t a b le  c o n ta in in g  th e  r e s u l t s  recorded as m olecu lar  
q u a n t i t i e s  i s  p laced  fo r  convenience  in  S e c t io n  7 ( p a g e  61),
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5800 + 2*35 -  *56 •15 -•11
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S e c t io n  5.
Experiment a with^Caryophyllene IT itrosito  
Hydrochloride QIS ,__________
In caryop hyllene  n i t r o s i t e  there  s t i l l  remains an 
unsaturdted  l in k a g e  ( 6 ) .  I t  i s  th e re fo re  o f  in t e r e s t  
to observe th e  e f f e c t  on the r o ta t io n  and a l l i e d  pheno­
mena o f  a d d it io n  o f ,  fo r  example, h y d roch lor ic  ac id  to  
the  remaining double bond.
P reparation .
The caryop h y llen e  n i t r o s i t e  hydroch lor ide  was pre­
pared aS d escr ib ed  by Deusaen (6 )  by sa tu r a t in g  an 
e th e r e a l  s o lu t io n  o f  the n i t r o s i t e  w ith  dry h y d roch lor ic  
a c id  g a s .  I t  was found th a t  the  e th er  must be p e r f e c t l y  
dry b e fo r e  any hydroch lor id e  i s  ob ta in ed , but i f  t h i s  
c o n d it io n  i s  s a t i s f i e d  the y i e l d s  are almost q u a n t i t a t iv e ,  
l i g h t  blue c r y s t a l s  melUng a t  139° were obta ined  by re ­
c r y s t a l l i s a t i o n  from e th y l  a c e t a t e .
O b servation s.
The o b se r v a t io n s  were made under e x a c t ly  the same 
c o n d it io n s  as. th o se  fo r  caryop hyllene  n i t r o s i t e ,  u s in g  
a 0*008 m o l . / l i t r e  s o lu t io n  in  to lu e n e  a t  1 9 ° C. The 
r e s u l t s  on the  accompanying s h e e ts  show the  same gen era l  
form /
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form as fo r  the n i t r o s i t e  but the r o ta t io n  e f f e c t s  are 
much sm a lle r ,  in  agreement w ith  the new an iso trop y  
f a c t o r ,  which i s  again constant hut much sm aller than 
fo r  th e  n i t r o s i t e .
I t  i s  in t e r e s t in g  to  note th a t  w h i l s t  the absorp­
t i o n  i s  p r a c t i c a l l y  1he same, the e f f e c t  of the band on 
the r o ta t io n  d is p e r s io n  i s  o b v io u s ly  g r e a t ly  reduced. 
T his in d ic a te s  th a t  a llhough the n i t r o s o  group, w ith  
i t s  ab so rp tio n  maximum at 6800 A.U. i s  c h i e f l y  r e ­
sp o n s ib le  fo r  the  r o ta to r y  e f f e c t s  in  th a t reg io n  o f  
the  spectrum, the r e s t  o f  the m olecule in f lu e n c e s  the 
r o ta to r y  c o n tr ib u t io n  o f  the band to  such an e x te n t  
th a t  r e d u c t io n  o f  the u n sa tu ra tion  in  other  p a r ts  o f  
the m olecu le  r e s u l t s  in  red u ctio n  o f  the  anomalous ro­
ta t o r y  e f f e c t s  in s id e  the absorption  band. The quanti­
t a t i v e  r e la t io n s h ip  between the red u ctio n  in  1he a n iso ­
tropy fa c to r  and the  decreased r o ta t io n  i s  again  d i s ­
cu ssed  in  S e c t io n  7.
-  27 (a ) -
ROTx-TIOU DISPERSIOIT A1TD CIRCULAR DICEROISM 
OR CLJ3YQPEYLLH1JZ EITROSITE HYDROCHLORIDE.
In t h i s  Table the  r e s u l t s  for  r o ta t io n ,  c ir c u la r  
dichroiam , end absorption  are g iv en  as observed v a lu e s  
of r o t a t io n ,  e l l i p t i c i t y  ( i n  d e g r e e s ) ,  and Log I 0/ l  
for  a 6 cm. tube, under TEfcich circum stances the  
a n iso tr o p y  f a c t o r  ng T in  the  l a s t  column i s  equal
to » •*%*»*L.y 3./r
The tab le  c o n ta in in g  the r e s u l t s  recorded as m olecular  
q u a n t i t i e s  i s  p laced for  convenience in S ec tion  7 
(page 62).
X
Rot at ion E l l i p t i c i t y Log 3; / I
Anisotropy  
fa c to r  g
6900 -  0*48* - 1* 04 —
68 00 -  0-17 -  2*16° 1-08 -  *06
6700 +• 0*24 — 2 *47 1*04 -  *07
6600 + 0-72 - 2 - 3 8 •97 -  -07
6500 ♦ 1*10 -2 * 2 6 •83 -  *08
6400 «■ 1*45 -1*79 •68 -  -08
6300 + 1*47 - 1 - 4 1 •61 - •0 7






6X00 + 1 *44 -  *94 •40 -•0 7
6000 +1*42 -  *71 •30 -•07
5800 1*30 -  *47 •15 -•0 9
5500 1*01 -  *04 •06 - • 0 2
5000 0-72 _
1OTT0PHYLX 32J-£ HYPROCirLORTD:
Ho t a t d i s p e r s i o n ,  ^bso rp t  
c i r c n l r r  i i c h r o i s m .
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S e c t io n  6
The Development o f  Absorption and Circular  
Dichroism  with R ise  o f  Temperature.
A IT itroa ites
In view o f  the  in t e r e s t in g  r e s u l t s  with the caryo­
p h y l le n e  d e r iv a t iv e s  i t  was thought that e x te n s io n  o f  the 
work to other o p t i c a l l y  a c t iv e  n i t r o s i t e s  might be e q u a l ly  
p r o d u ct iv e .  As regards the p o s s i b i l i t y  o f  preparation  o f  
a c r y s t a l l i n e  product in  a pure o p t i c a l l y  a c t iv e  form those  
appearing s u i t a b le  were the  n i t r o s i t e s  o f  p h e lla n d ren e , 
z in g ib er en e  and bornylene. Since th ese  are w hite  s o l i d s  
which g iv e  c o lo u r le s s  s o lu t io n s  at room tem perature, i t  
appeared at f i r s t  th a t  they would not be so any use in  
con n ection  w ith  th e  study o f  anomalous r o ta t io n  d isp e r s io n  
phenomena due to  absorption in  the red by b lue  coloured  
compounds. I t  i s  known, however, that n i tr o s o  compounds 
f r e q u e n t ly  g iv e  c o lo u r le s s  s o lu t io n s  at room temperatures  
which turn b lu e  a t  h igher tem peratures, th e  colour b e in g  
a t t r ib u t e d  to the  d i s s o c i a t i o n  o f  white double m olecules  
in to  b lu e  s in g le  m olecu les (3 0 ) .  S o lu t io n s  o f  the three  
n i t r o s i t e s /
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n i t r o s i t e s  in d ic a te d  above were found to behave in  t h i s  way, 
but th o se  o f  phellandrene and zingiberene were u n stab le  to ­
wards heat and th e r e fo r e  u n su ita b le  far q u a n t ita t iv e  wo i t .  
The bornylene n i t r o s i t e  was not a f fe c te d  to any great extent  
pr ovided  the  h e a t in g  was not too  prolonged. The r e s u l t s  
ob ta in ed  w ith  th e  compound f u l l y  j u s t i f i e d  the long and at 
t im es n o t  v e r y  p le a sa n t  s e r i e s  o f organic rea c t  ions n ecessary  
to  prepare t h i s  su bstance.
P rep a ra t io n  o f  o p t i c a l l y  a c t iv e  Bornylene N i t r o s i t e  
from 1 -b o r n e o l .______________________________ ________
This p rep aration  comprises three  d i s t i n c t  s ta g es  -
1 . P rep a ra t io n  o f  Methyl bornyl xanthogenate from borneol.
2. D ecom position  o f  xanthogenate to form bornylene and
p u r i f i c a t i o n  o f  bornylene.
3 . P rep a ra tio n  o f  n i t r o s i t e .
1 .  This i s  the f i r s t  s tage  o f  Tschugaef's method for  
the p r e p a r a tio n  o f  an unsaturated hydrocarbon from the co rres­
ponding a lc o h o l  (3 1 ) .  The course o f  the experiment may be
r e p r e se n te d  th u s , -
 j>GHj CHQH  jJCH,---2HQNa
CffiJCH, I Ha C^OCH,
'1% CH CH* CH;----------- CH— --------CH*
This i s  conducted by gradual a d d it io n s  of sodium to a
b o i l i n g  s o lu t io n  o f  the borneol in  to lu en e .
Methyl b orn y l xanthogenate i s  prepared by ad d it io n  o f
e x c e s s /
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e x c e s s  o f  carbon d isu lp h id e  and in tro d u ctio n  o f  the methyl
group in  the u su a l way by a c t io n  of methyl io d id e .  W riting
the sodium s a l t  as HaOCHR t h i s  s tage  may be represented as
S s
HaOQHRj 0CHB ^  ; — OCHH
*S Slla SCHj
As f i r s t  obtained  the methyl bornyl xanthogenate was a
d i r t y  y e l lo w is h  product inciting at 52* but a fter  severa l r e ­
c r y s t a l l i s a t i o n s  from a lco h o l  pure white c r y s ta ls  m elting  
at 5 6 ° -  57°were formed.
2. The decom position  o f  the xanthogenate by dry d i s ­
t i l l a t i o n  w ith  form ation  o f  bornylene i s  the most un certa in  
as w e l l  as d isa g r e e a b le  part o f  the process . T h e o r e t ic a l ly  
the  h igh tem perature (170*- 220°) n ecessa ry  far the decom­
p o s i t i o n  p r e se n ts  the problem o f  p o s s ib le  racem isation  and 
in  p r a c t ic e  the ex trao rd in ary  v o l a t i l i t y  o f  the bornylene  
i t s e l f  r e s t r i c t s  the use o f  reduced pressure to lower the  
d ecom p osit ion  tem perature. In a d d it io n  the most i n t o l e r ­
ab le  sm e l ls  o f  the by-products at t h i s  s tage  c o n s t i t u te  a 
problem o f  t h e ir  own when large  q u a n t i t ie s  o f  the xantho— 
genate  must be decomposed.
IWyAFNF. GSj* CHpH 
CSO *
to g iv e  sa
The apparatus i l l u s t r a t e d  below was u lt im a te ly  found 
i s  f a c t o r y  y i e l d s  with a minimum o f  discom fort.
slijl)’ VWrtto).
h> e tlj v*fw
CM W«fWOIL 8 r t h B ig . 6 .
Both f l a s k s  are made of pyrex g la s s  and an important 
fe a tu r e  i s  th e  v ery  wide s id e  arm o f the d i s t i l l a t i o n  
f l a s k .  From the f i r s t  d i s t i l l a t i o n  o f  the xanthogenate a 
v is c o u s  l i q u i d  was o b ta in ed , but on r e d i s t i l l a t i o n  th is  
y ie ld e d  a s o l i d  product, which in  turn was d i s t i l l e d  over  
sodium u n t i l  pure ( four to s i x  d i s t i l l a t i o n s ) .  The 
pyrex f l a s k  w ith  the v ery  wide pyrex s id e  arm was particu­
l a r l y  s u i t a b l e  for th ese  d i s t i l l a t i o n s ,  as part of the side  
arm could be heated  and the  lower part coo led  so as to  ob­
t a in  a la r g e  part o f  the  s o l id  at A in  diagram. At these  
l a t e r  d i s t i l l a t i o n s  most o f  the s o l id  came over betv/een 
130* -  140° and t h i s  bornylene had a pungent but not un­
p le a sa n t  s m e l l .  The f i n a l  p u r i f ic a t io n  o f  the bornylene 
to remove t r a c e s  o f  o th e r  terpene compounds by s e l e c t iv e  
o x id a t io n  was ca rr ie d  out as described  by Henderson and 
H eilb ro n  ( 8 ) .
3 .  The p rep a ra tion  of the  I l i t r o s i t e .
At f i r s t  a ttem pts were made to prepare the n i t r o s i t e
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by th e  methods employed fo r  other terpenea such as caryo­
p h y l le n e ,  but th e se  were qu ite  u n su ccess fu l  end u lt im a te ly  
the p r ep a ra tio n  adopted was e x a c t ly  th a t  o f  Henderson and 
E e ilb r o n  ( 8 ) ,  u s in g  50 gms. bornylene at a tim e. After  
freq u en t  r e c r y s t a l l i s a t i o n s  from acetone pure white cry­
s t a l s  o f  bornylene n i t r o s i t e  m elt in g  a t  163* were obtained .
The b orn eo l used as s t a r t in g  m ateria l showed
“37*9° (c  = 11-52 in  a lc o h o l)  and the bornylene  
90 r V 9ob ta in ed  gave ^ 22*8° (c  -  7*63 in  l i g h t  petroleum ).
O b se r v a t io n s .
As a lrea d y  mentioned the so lu t io n s  o f  the bornylene  
n i t r o s i t e  a t  ordinary tem peratures are q u ite  c o lo u r le s s  
but on warming become b lu e .  I t  was decided to take a 
s e r i e s  o f  o b ser v a t io n s  at d i f f e r e n t  temperatures to see  i f  
t h i s  a l t e r a t i o n  in  the s o lu t io n  was accompanied by any ab­
normal e f f e c t s  on th e  o p t ic a l  p r o p e r t ie s .  Measurements 
were t h e r e fo r e  made for  a to lu en e  s o lu t io n  of bornylene  
n i t r o s i t e  a t  d i f f e r e n t  tem peratures. The very  in te r e s t in g  
r e s u l t  was obta in ed  th a t  a long w ith  the development o f  the  
a b so rp t io n  band in  the  red g iv in g  r i s e  to the blue colour  
th e r e  was a corresponding development o f  c ir c u la r  dichroiam  
w ith  a pronounced e f f e c t  on the ro ta t io n  d is p e r s io n  curve.
The r e s u l t s  f o r  temperature a t  14 and 63 are shown 
in  the accompanying ta b le  and graph (S h ee ts  32 (a )  and 32(b^#
O b ser v a t io n s /
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l e n g t h ,
A.U.
Temp.l4p
R o ta t io n
Aniso­
tropy
fa c to r
r
R otation R l l i p t i o i t y lo g  I. / I
6700 + 1  • 04° + 0 *38# -  1* 81° 1*35 -0 -0 4 1
6600 1* 17 0*93 - 1 * 5 9 1* 20 -0 -0 4 0
6500 1- 29 1 *44 — 1*18 0*94 -0 -0 3 8
6400 1>36 1*48 - 0 * 8 0 0*74 -0 -0 3 3
6350 I 138 1*44 -  0*71 0*69 -0 -0 3 1
6300
-
1-41 1 • 39 -  0*69 0*65 -0 -0 3 2
6250 1*42 1*33 ~ 0*71 0*68 -0 -0 3 2
6200
i
' -...  ‘ " t
1*44 1-36 -  0*66 0*63 0-032
6100 1* 52 1*52 -  0*50 0*49 -0 -0 3 1
6000 1* 59 1*66 -  0*37 0*33 -0.&*4
5800
j
1* 76 1-72 -  0*10 0-10 -0 -0 3 0
5500 2*04 1-79 - - wm
5000 2 *66 2*08 - _ -4- c onr\ A TTAn a d d i t io n a l  a b so rp tio n  reading tafcan a t  6800 a . u. 
gave a v a ln e  fo r  l o g  l / l  o f  1 .4 4 .
BOBBTYLEjr.
c i r c u l a r d lch ro i sm
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O bservations taken a t  interm ediate temperatures con­
firm ed th e se  measurements and showed the gradual a lte r a ­
t i o n  from the one type o f  r o ta t io n  d isp e r s io n  curve to  
the  o th e r .  At 14° the s o lu t io n  i s  just beginning to  
absorb red l i g h t  and t h i s  accounts for  the s l ig h t  irregu­
l a r i t y  in  the  r o t a t i o n  d is p e r s io n  curve a t  t h i s  tempera­
tu r e .  A very  a l i g h t  e l l i p t i c i t y  i s  also present but i t  
i s  too sm all to  be measured w ith  any accuracy. At 63° 
two a b so r p t io n  bands have developed (6800 A.U. and 6250
A.U. approximate heads) and the in f lu e n c e  o f  these bands 
on th e  r o t a t io n  and e l l i p t i c i t y  i s  very  apparent. As in  
th e  case  o f  the  ca ryo p h y llen e  d e r iv a t iv e s  the  anisotropy  
fa c t o r  i s  c a lc u la t e d  f o r  the d i f f e r e n t  wave len gth . I t  
w i l l  be n o t ic e d  th a t  i t  i s  remarkably constant in  the 
m iddle o f  the weak band. As w i l l  be shown in  Section 7*
on the b a s i s  o f  Zuhn’ s theory  i t  i s  p o s s ib le  to  estimate  
th e  in d iv id u a l  c o n tr ib u t io n s  o f  th e se  two bands to the 
r o t a t i o n  d i s p e r s io n  and by summation o f  these  contribu­
t io n s  to  a r r iv e  a t  a curve o f  s im i la r  form to that ob­
se r v e d .
The d i f f i c u l t y  throughout the  bornylene n i t r o s i t e  
measurements i s  the d is tu r b in g  in f lu en ce  o f  the undis- 
s o c ia t e d  m o le c u le s .  The r o ta t io n  curve for  63?* i s  
r e a l l y  composed o f  (a )  the r o t a t io n  due to  the undis- 
s o c ia t e d  m o le c u le s  and (b) the r o ta t io n  due to  the  
d i s s o c i a t e d /
d i s s o c i a t e d  m o lecu les  which g ive  the colour to  the so lu­
t i o n  and are r e s p o n s ib le  f o r  th e  abnormal ro ta tio n  
e f f e c t s .  As the  ex a ct  amount o f  the d i s s o c ia t io n  was 
n o t  known, a l l  the  o b se r v a t io n s  were taken in  a 6 cm. 
tube under the  same c o n d it io n s ,  and are recorded as such. 
The c o n c e n tr a t io n  (1*596 g . per 100 c . c .  of so lu t io n  
a t  14° ) was chosen so th a t  w ith  a 6 cm. tube readings  
could  be taken  as fa r  into the red as 6700 A.U. at the 
h ig h e r  tem perature.
A paper embodying the r e s u l t s  o f  t h i s  s e c t io n  with  
a d e s c r ip t io n  o f  the  apparatus was r e c e n t ly  published  
in  the Journal o f  the  Chemical S o c ie ty  (2 6 ) .
B. H itr o a o c h lo r id e s .
E x te n s io n  o f  the caryop h y llen e  work might a lso  be 
c o n s id er ed  from the  a sp ec t  o f  th e  in f lu e n c e  o f  groupings 
a s s o c ia t e d  w ith  th e  n i t r o s o  group. In the n i t r o s i t e s ,
f o r  exam ple, the  a d d i t io n  to the double bond c o n s is t s  o f  
a n i t r o s o  grouping  and a n i t r o  grouping. I t  may bt  
asked i f  the replacem ent o f  the n i t r o  grouping by another 
group would cause  any grea t  a l t e r a t io n  o f  the e f f e c t s
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i n s id e  the  a b so rp t io n  bend which i s  c h a r a c te r i s t ic  o f  the 
n i t r o s o  group. The ob v iou s course  i s  to  prepare a sp e c i­
men o f  o p t i c a l l y  a c t i v e  caryop hyllene  n itr o a o ch lo r id e  and 
examine i t s  o p t i c a l  p r o p e r t ie s  in  the red . Hnfortunately  
the terp en e  n i t r o s o c h lo r id e s  a s  a c l a s s  are d i f f i c u l t  to  
o b ta in  in  a pure homogeneous form and in  p a r t icu la r  t h i s  i s  
tru e  o f  c a ry o p h y lle n e .  The y i e l d s  o f  the crude n i t r o s o -  
c h lo r id e  ob ta in ed  in  the i n i t i a l  s ta g e s  o f  the preparation  
are very  sm a ll .  Moreover t h i s  crude product i s  c h ie f ly  
composed o f  the  i n a c t iv e  0( caryop hyllene  n itr o so c h lo r id e ,  
and c o n ta in s  o n ly  sm a ll  amounts o f  the  a c t i v e  (Bfiaryo- 
p h y l le n e  compound to g e th er  w itii  a corresponding sm all  
amount o f  another a c t i v e  su bstance  o f  r o t a t i o n  op p osite  to  
th a t  o f  the  n i t r o a o c h lo r id e  ( 7 ) .  These l a t t e r  two sub­
s ta n c e s  are v e ry  d i f f i c u l t  to separate  and n a tu r a l ly  
e x e r c i s e  an enormous in f lu e n c e  on the r o ta to r y  power o f  
one an o th er . A la r g e  amount o f  ex p en sive  m ater ia l i s  re­
qu ired  to  o b ta in  even a v ery  sm all qu antity  o f  the f in a l  
a c t iv e  (3ca ry o p h y lle n e  n i t r o a o c h lo r id e  ( 7 ) ,  and the heavy 
expense o f  a com plete  stu dy  o f  t h i s  compound would only  
be j u s t i f i e d  by e x c e p t io n a l  r e s u l t s .  I t  was thought that  
i t  might be p o s s i b l e  however to  prepare from a reasonable  
amount o f  s t a r t i n g  m a ter ia l  a s u f f i c i e n t l y  pure specimen 
of ^ c a r y o p h y llen e  n i t r o s o c h lo r id e  to o b ta in  some indicfttime 
of th e  magnitude o f  th e  d ic h r o ic  e f f e c t ,  i f  any* 
P r e p a r a t io n /
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P r e p a r a t io n .
The n i t r o a o c h lo r id e  was prepared as d escr ib ed  hy 
Deussen ( 7 ) ,  when he showed th a t  the caryophyllene n i t r o ­
s o c h lo r id e  d e sc r ib e d  by Wallach (35) was n o t  homogeneous 
but c o n s i s t e d  o f  th r ee  su b s ta n c e s .  This crude n i t r o s o ­
c h lo r id e  was o b ta in ed  by the gradual a d d it io n  o f  a satura­
ted  s o lu t io n  o f  h y d ro ch lo r ic  ac id  in  e th y l  a lcoh o l to a 
w e l l  co o led  m ixture of c a ry o p h y lle n e ,  e th y l  a c e ta te ,  
a lc o h o l ,  and amyl n i t r i t e .  The preparation  must be done 
in  sm a ll  q u a n t i t i e s .  The b e s t  r e s u l t s  were obtained with  
q u a n t i t i e s  o f  th e  order of 10 c c s .  o f  each o f  the s ta r t in g  
m a s te r ia l  and f i f t e e n  sim ultaneous preparation s gave a 
y i e l d  o f  5 to 6 gms. crude n i t r o s o c h lo r id e ,  and se v er a l  
s e r i e s  of such sim ultaneous p rep a ra tion s  were run u n t i l  
the  t o t a l  y i e l d  was 50 gms.
By r e p e a te d  e x tr a c t io n  w ith  a 10^ so lu t io n  of e th y l  
a c e t a t e  in  a lc o h o l  about th r ee  grams o f  the mixture o f  the 
(3 ca ry o p h y lle n e  n i t r o s o c h lo r id e  and the  other  substance  
were o b ts f ' in e d . The subsequent sep a ra tio n  o f  th ese  two 
compounds c o n s i s t s  e s s e n t i a l l y  o f  f r a c t io n a l  c r y s t a l l i s a ­
t i o n  from e th y l  a c e t a te  and a lc o h o l  m ix tu res , but as 
Deussen remarks in  h is  d e s c r ip t io n  o f  the preparation these  
two compounds s t i c k  stu b b o rn ly  to one another. Large 
q u a n t i t i e s  would be req u ired  fo r  a complete separation  but 
i t  was found p o s s ib le  to  p u r i fy  the (3 caryophyllene n i t r e -
s o c h lo r id e  from the other compound o f  a p p o site  r o ta t io n  
s u f f i c i e n t l y /
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s u f f i c i e n t l y  fo r  i t  to show a d e f i n i t e  la ev o  r o ta t io n .  
O b ser v a t io n s .
L i t e  born y len e  n i t r o s i t e ,  caryop hyllene  n itr o a o ch lo ­
r id e  i s  a w h ite  su bstance  d i s s o lv in g  to g ive  c o lo u r le s s  
s o l u t i o n s  a t  room tem p eratures , but on warming these  so lu ­
t io n s  turn b lu e .  I t  was found th at in  t h i s  ca se  the colour  
change was more pronounced in  e t h y l  a c e ta te  s o lu t io n  than in 
t o lu e n e ,  but even at i t s  b e s t  the depth o f  co lour  was s l i g h t .  
O bservation s were made a t  20  ̂and 56° fo r  a s o lu t io n  o f  0 .193  
gms. /3ca ry o p h y llen e  n i t r o a o c h lo r id e  (M.Pt.l44^146°) in  5 co s .  
e t h y l  a c e t a t e  s o l u t i o n .  The read in g s  at the h igher  tempera­
tu re  were taken  as r a p id ly  as  p o s s ib le  i n  view  o f  the v o la ­
t i l i t y  o f  th e  s o lv e n t  and the  i n s t a b i l i t y  o f  the compound a t  
th e se  h ig h er  temper a tor e s. I t  w i l l  be se e n  from the r e s u l t s  
o v e r l e a f  t h a t  th ere  i s  undoubtedly a d ic h r o ic  e f f e c t  a t  56* 
and th ere  are i r r e g u l a r i t i e s  in  the curve very  s im ila r  to  
th o se  seen  in  the born y len e  n i t r o s i t e  r e s u l t s .  4 t  6900 A.U« 
the n e g a t iv e  r o t a t io n  has grown la r g e r ,  w h i l s t  at 6500 -  6000
A.TJ. the  observed  la e v o  r o t a t io n  has g r e a t ly  decreased. This 
i s  in  accordance w ith  the r o t a t io n  c o n tr ib u t io n  o f  the n i ­
t r o s o  group to  be exp ected  at th e se  w avelengths from the re­
s u l t s  w ith  th e  p rev io u s  compounds. Owing to  the i n s t a b i l i t y  
o f  the compound and the s l i g h t  co lour d e n s i ty ,  as w e l l  as s o l ­
v en t  and p u r i f i c a t i o n  problem s, a q u a n t i ta t iv e  s e r ie s  o f  . ><
measurements fo r  d e term in a tio n  o f  the an iso tro p y  fa s te r  vsft
» *
n o t  a ttem p ted , b u t  d e f i n i t e  ev id en ce  i s  shown in the
g iv e n  t h a t  the n i t r o s o  group may e x h ib i t  c ir c u la r  d i  
in s id e  i t s  c h a r a c t e r i s t i c  a b sorp tion  band, even when i t  
a s s o c ia t e d  w ith  some o th e r  than the n i t r o  grouj*
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ft Caryophyllene IT itrosoch loride
Wave Length  
A.U.
Hot at i  on 
at 20°
H otati on 
at 56T E l l i p t i c i t y  at 56’
6800 -0 .3 3 ° - 0 . 4 f -0 .4 7 °
6700 - 0 . 3 3
'
- 0 .2 9 - 0 . 5  3
6600 - 0 .3 2 - 0 .2 1 - 0 .5 4
6500 - 0 .3 0 - 0 .1 8 - 0 .5 3
6400 - 0 .3 3 - 0 .1 6 - 0 .4 3
6300 - 0 .3 6 - 0 .2 1 - 0 .4 2
6200 - 0 .3 8 - 0 .2 1 —0 .3 8
6100 - 0 .3 8 - 0 .2 1 - 0 .3 3
6000 - 0 .3 8 - 0 .2 0
5800 - 0 .4 6 - 0 .3 0
5600 - 0 .5 4 - 0 .3 7
5400 - 0 .5 9 - 0 .5 1
5000 - 0 .8 1 - 0 .7 7
ft OAHY&PEYLLJII. .Ii’ROSOCHIORIUa
3>lC*«Ol!
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S e c t io n  ? .
D is c u s s io n  o f  R e s u lt s  w ith  r e fe r e n c e
to Theory o f  77erner Kuhn.
The Drude th eo ry  was the f i r s t  sy s tem a tic  attempt  
to form u la te  m athem atical e x p r ess io n s  for  the measure­
ments a s s o c ia t e d  w ith  the appearance o f  o p t i c a l  a c t i ­
v i t y  in  c e r t a in  su b s ta n c e s ,  and i s  c e r t a i n ly  the c l a s s i ­
c a l  theory; but i t  he s been c r i t i c i s e d  both  on i t s  
fundam ental assum ptions and fo r  i t s  weaknesses in s id e  
the  a b so rp t io n  band ( 1 1 ) .  I t  i s  contended th a t  the 
c o n c ep tio n  o f  s p i r a l  e l e c t r o n i c  paths s c a r c e ly  r e ­
p r e s e n t s  the  tru e  s t a t e  o f  m a tters  in s id e  the m o lecu le ,  
and th e  s im ple  form o f  the  e x p r e s s io n  fo r  the v a r ia t io n  
o f  r o t a t i o n  w ith  w avelength  becomes d isco n tin u o u s  in ­
s id e  th e  a b so r p t io n  band. Amongst l a t e r  th e o r ie s  which 
sought to  remedy such d e f e c t s  th a t  due to Born achieved  
a firm er b a s i s  by  th e  h y p o th e s is  th a t  o p t ic a l  a c t i v i t y  
i s  due to the  mutual c o u p l in g  o f  v ib r a to r s  in s id e  the  
m olecu le  but the trea tm en t was cumbersome and the 
s i m p l i c i t y  o f  the f i n a l  Drude form u la tion  was e n t i r e l y  
l o s t ,  Euhn adopted the Bornian b a s i s  but c l a r i f i e d  
t h e /
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the treatm en t by means o f  a very  sim ple model and has 
provided  an e x p r e ss io n  fo r  th e  course o f  r o t a t io n  which  
w h ile  v ery  complex in s id e  the a b so r p t io n  band does r e ­
p r e se n t  the form o f  th e  curve and at g r ea ter  d is ta n c e  
from the a b so rp t io n  band reduces to the sim ple Drude 
e x p r e s s io n  (1 3 ,  1 4 ) ,  In a d d it io n  there  i s  d er ived  fo r  
the  f i r s t  t im e a c l e a r  c o n n e c tio n  between the i n t e n s i t y  
o f  the a b so r p t io n ,  the  c ircuL a r d ichroism  and the 
r o t a t o r y  power o f  the band.
The s i m p l i f i e d  model employed by ICuhn in  h i s  f i r s t  
t h e o r e t i c a l  trea tm en t may be r ep re sen ted  as  f o l lo w s :
A p a r t i c l e  o f  g iv e n  charge and mass is  lodged  in  
the  zero  p o in t  o f  the  c o o r d in a t io n  system  x ,  y ,  z . I t  
i s  e l a s t i c a l l y  bound to i t s  p o s i t i o n  o f  r e s t  and has  
th e  p r o p er ty  o f  motion o n ly  in  the d i r e c t i o n  o f  the 
x  -  a x i s .  A second p a r t i c l e  o f  g iv e n  charge and mass 
d i f f e r e n t  to f i r s t  p a r t i c l e  i s  lod ged  at the p o in t  
z ■ d. I t  a l s o  i s  e l a s t i c a l l y  bound to  i t s  p o s i t i o n  
o f /
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o f  r e a t  and oan move o n ly  in  the d i r e c t io n  of th e  
y  -  ax is*
Squat ion s oan he form u lated  f o r  the motion o f  
th e s e  two p a r t i c l e s  hoth when co u p lin g  i s  absent and 
when i t  i s  p r e s e n t .  The a n a ly s i s  shows t h a t  o p t i c a l  
a c t i v i t y  does not appear i f  the v ib r a t io n s  are un­
c o u p led . For th e  in tr o d u c t io n  o f  o p t i c a l  a c t i v i t y  
c o u p lin g  between the  p a r t i c l e s ,  as w e l l  as  a f i n i t e  
( i n  r e l a t i o n  to  th e  in c id e n t  w avelen gth ) in t e r v a l  i s  
n e c e s s a r y .  Such a model w ith  coupled r e so n a to rs  
e x h i b i t s  d i f f e r e n t  r e l a t i o n s  o f  the c h a r a c t e r i s t i c  f r e ­
q u en c ie s  fo r  l e f t  and r i g h t  c ir c u la r  l i ^ i t ,  r e s u l t in g  
in  the c ir c u la r  double  r e f r a c t io n  c h a r a c t e r i s t i c  o f  
o p t i c a l  a c t i v i t y .  R o ta to ry  power i s  thus tra ced  back  
to  a dependence on the r o t a t o r y  sen se  o f  the l i g h t ,  o f  
the work \fcich  a c i r c u la r  wave does on the ^rstem.
Kuhn extend s th e  r e l a t i o n s  deduced from c o n s id e r a t io n  
o f  t h i s  sim ple model t o  th e  g e n e r a l  case  o f  any number 
o f  coupled  r e so n a to r s  and by t h i s  means o b ta in s  formulae  
which r e p r e s e n t  the  course  o f  r o t a t i o n  both in s id e  and 
o u ts id e  the  a b so rp t io n  band. There i s  deduced a quan­
t i t a t i v e  r e l a t i o n  between r o ta t o r y  power, ab sorp tion ,  
and e l l i p t i c i t y  and in  t h i s  c o n n e c t io n  i t  i s  shown th at  
th e  r e l a t i v e  d i f f e r e n c e  o f  the ab sorp tion
c o e f f i c i e n t s  fo r  l e f t  end r i g h t  c ir c u la r  l i ^ i t  in  a 
band/
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band o f  uniform source  i s  prop ortion ed  to th e r e fo r e  o f  
c o n sta n t  s ig n  and in  a sm all band p r a c t i c a l l y  c o n s ta n t .
(£«, f-/, e x t i n c t i o n  c o e f f i c i e n t s  f o r  l e f t  and r ig h t  c i r c u la r  
l i g h t  and o rd in a ry  l i g h t  r e s p e c t i v e l y } . The d ichroism  
however ) changes i t s  s ig n  in d i f f e r e n t  ab sorp tion
r e g io n s  so t h a t  th e  a lg e b r a ic  sum i s  z er o .
This q u a n t i ty  ^  Zuhn d en otes  as the "an iso trop y  
f a c t o r ” and i t  i s  o f  g r e a t  v a lu e  in  a s s e s s in g  the r e l a t i v e  
importance o f  d i f f e r e n t  a b so rp t io n  bands. I t  can be  de­
term ined e i th e r  by d i r e c t  measurement o f  the in d iv id u a l  
e x t i n c t i o n  c o e f f i c i e n t s ,  or by determ in a tio n  o f  the c i r ­
c u la r  d ich ro ism  and o rd in ary  a b so rp t io n  as d escr ib ed  in  
p r e v io u s  S e c t io n s  (page 2 4 ) .
The q u a n t i t a t iv e  m athem atical treatm en t o f  th e  con­
s i d e r a t io n s  above y i e l d s  the fo l lo w in g  equation  fo r  the  
c o n tr ib u t io n  o f  a d e f i n i t e  a b so rp t io n  band to the o p t ic a l  
r o t a t io n  o f  the m o lec u le .  [ (14 )  page 290^
- 4 ^  xx I
W  ~  1 ^  a s  {  £  0 s - £  O X
(T) ^j  = r o t a t i o n  per cm. at freq u en cy  a)
t£- a b so r p t io n  freq u en cy .
6\n̂  = maximum e x t i n c t i o n  c o e f f i c i e n t  ( I  =1 e~£(1) 
fa * a n is o tr o p y  f a c t o r  a t  m iddle p o in t  o f  band.
•0* d i s t r i b u t i o n  param eter
The d i s t r i b u t i o n  param eter & determ ines the h a l f  
v a lu e  i n t e r v a l ^  in  which - © 1 .6 6 5 1 .
The h a l f  v a lu e  i n t e r v a l  i s  freq u en cy  in t e r v a l  
between p o in t s  in  spectrum fo r  which the  
a b so rp t io n  i s  h a l f  the maximum a b so rp tio n .
An in t e g r a l  o f  the typ e P £ &;
fo r  la r g e  v a lu e s  o f  C reduces to  J yolv
hence th e  e x p r e s s io n  (1 )  f o r  la r g e  v a lu e s  o f ~w~
and <§> ( i . e .  when a/  i s  f a r  from \Jt}the f r e ­
quency co n sid ered  far  from the a b so r p t io n  frequ en cy)  
red uces to  the sim ple Prude form as shown.
f= 4  t £ )  _  0
_ i 0
3jt! m*. I*-**
r=z CcH6foH  ̂  L
X‘ - £
& i s  i n  p r a c t ic e  a l a r g e  number,S ince  a l s o
th e  dependence o f  t h e  r o t a t i o n  on the freq u en cy  i s  con­
t r o l l e d  by the  f i r s t  f a c t o r  i n s i d e  the  b r a c k e t ,  i . e . ,
rtf) 0Te*d>
Whai t h i s  i s  graphed we o b t a i n  a r o t a t i o n  curve o f  the  
type shown in  F igu re  1 (Page 2 ) .  ( ( 14 )  page 291).
As g iv e n  in  (1 )  th e  form ula i s  n o t s u i ta b le  fo r  
a p p l i c a t io n  to ex p er im en ta l  d a ta .
The f o l lo w in g  s u b s t i t u t io n s  are made:
-  43 -
l ie  fo l lo w in g  s u b s t i t u t io n s  are made: jj^l4) page 293 Ĵ
l o l .  r o t .  m j  o o f  where C i s  c o n c e n tr a t io n  in  gm. mol.
C per l i t r e
X^a*. = where W i s  d e f in e d  by I = I„10a 503XC
-xcd
(1) now becomes, -
[IX ] = I  6 0  % 3 - 3 0 3  X V




The e x p r e s s io n  in s id e  the b rack et  a t t a i n s  a maximum 
( fo r  O f  0  ) o f  0 -5 4 1 .  I f  {j/>J i s  v a lu e  o f
at t h i s  p o in t  ^
=  ,100 x j  -303 > vy ^  x W) 0-
  ©l oo
I n s e r t io n  o f  the v a lu e  for  from (3 )  in to  (2 )  g iv e s






In p ra o t iee ? ? h e  l a s t  term o f  e x p r e s s io n  in s id e  the bracket
V i s  la r g e  and the in t e g r a l  may he s e t  equal to
— ® ■ , a sm a ll  term which i s  p r a c t i c a l l y  constant
throughout th e  a b so rp t io n  band.
On/
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On making t h i s  s u b s t i t u t i o n  th e r e  ia  obta ined  the  
f i n a l  form o f  the equation  g iv e n  by  Kuhn as th a t  from 
which h ia  curves are c a lc u la t e d ,  (A c tu a l ly  the f i n a l  
form g iv e n  in  one o f  the  o r i g i n a l  t h e o r e t i c a l  papers  
[(14}t page 29^ ia  in c o r r e c t ,  due to a m isp r in t  which 
appears c o r r e c te d  some tim e l a t e r  ( 2 3 ) ,  page 60.)
hi - M .  j .
L U O Shl f
tin—JC  H S L
" X
U
I t  i s  r e g r e t t a b le  th a t  w h i l s t  curves in abundance 
are to be found in  the  p u b l ic a t io n s  by'Kuhn, t a b le s  o f  
data  are not g iv e n  and doubt i s  l e f t  as to  th e  method 
by which he e v a lu a te d  the i n t e g r a l .  At some d is ta n c e  
from the sea t  o f  a b sorp tion  Kuhn in d ic a t e s  th a t  the  
l i m i t i n g  va lue  m a y b e  used and he h i n t s  at a a e r i e s  
for  th e  other  p o s i t i o n s ,  bu t a t  no time does he g iv e  
th e  f u l l  specim en c a lc u la t io n  which would c l a r i f y  the 
whole trea tm en t and a p p l ic a t io n  to experim ental d a ta .
In t h i s  c o n n e c tio n  i t  i s  o f  i n t e r e s t  th a t  o n ly  very  
r e c e n t l y  a p u b l ic a t io n  in  a French journal c o n ta in in g  
c a l c u l a t i o n s  w ith  r e s p e c t  to Kuhn*a th e o ry  was fo l lo w ed  
by a r ep o r t  o f  an amended c a lc u l a t io n  a f t e r  communica­
t i o n  w ith  Kuhn. ( 36 ,  37 ) .






This diagram i s  reproduced from Z. p h y s ik a l  Chemie.
B. <8. ( 1 9 3 0 ) ,  page 296, and shows the r e s u l t s  ob­
t a in e d  by Zufan and Braun fo r  a s o l u t i o n  o f  a z id o -  
p r o p io n ic  a c id  dim ethylam ide in  ether*
Curve 1 shows th e  observed  m olecu lar  r o t a t io n ,
2 shows the observed  a b so rp t io n ,
2* shows the  c a lc u la t e d  a b so rp tio n .
3 shows the  c a lc u la t e d  r o t a t io n  c o n t r i ­
b u t io n  o f  the a z id o  band,
4 shows the observed  r o t a t io n  minus the
c a lc u la t e d  r o t a t io n  ( " d if f e r e n c e  
c u r v e" ) .
-  46 -
2(yZ2 3 0
F ig .  8 .
T h is  diagram i s  reproduced from Z. p h y s ik a l  Chemie,
B. 8 .  (1 9 3 0 ) ,  page 306, and shows th e  r e s u l t s  ob­
t a in e d  by Fuhn and Braun fo r  a s u lu t io n  o f  bromo- 
p r o p io n ic  a c id  e th y l  e s t e r  in  hexane.
Curve 1 shows the  observed  m o lecu lar  r o t a t i o n .
E shows the  observed a b so rp t io n .
2' shows the c a lc u la t e d  a b so rp t io n  o f  the  
bromide band.
3 shows th e  c a lc u la t e d  r o t a t io n  co n tr ib u ­
t i o n  o f  the bromide band.
4 shows th e  observed r o ta t io n  minus the
c a lc u la t e d  r o t a t io n  ( " d if fe r e n c e  
c u rv e” ) .
-  4? -
In h is  f i r s t  attem pt to  form ulate  t h e o r e t i c a l  
curves to  show the r o t a t i o n  c o n tr ib u t io n  o f  a g iv e n  
a b so rp tio n  band, Fuhn employs eq u ation  (5 )  page 44 ,  
a s s ig n in g  a num erica l v a lu e  to  [j&J • In many c a se s  
he l a t e r  j u s t i f i e d  the v a lu e  g iv e n  to ($1 by measur­
in g  the a n iso tr o p y  f a c t o r  g a t  th e  head o f  the band, 
and the  maximum m olecu lar  e x t i n c t i o n  c o e f f i c i e n t  
which en ab les  ^  to be determ ined e x a c t l y  by means o f  
eq u ation  (3 )  page 43 . In a r ec en t  paper (23 ) he 
d e f i n i t e l y  s t a t e s  t h a t  th e  curves were c a lc u la t e d  u s­
ing  the v a lu e  o f  jjk) ob ta in ed  from a n iso tr o p y  f a c t o r  
and e x t i n c t i o n  c o e f f i c i e n t  measurements.
By means he i s  a b le  to show fa r  v a r io u s  a b so rp t io n  
bands what i s  termed the c o n tr ib u t io n  to r o t a t io n  o f  
the band in  q u e s t io n ,  and by s u b tr a c t io n  o f  t h i s  from 
the  observed  v a lu e s  fo r  the r o t a t i o n ,  th e r e  i s  o b ta in ­
ed a d i f f e r e n c e  curve which r e p r e s e n t s  the r o ta t io n  
c o n tr ib u t io n  o f  the r e s t  o f  the  m o lecu le .
In order to  i l l u s t r a t e  the type o f  r e s u l t s  o b ta in ­
ed the accompanying f i g u r e s  (pages 45 , 4 6 )  are taken  
from the p u b l i c a t i o n  o f  Euhn (14) pages 296 and 3 0 6 ) .  
F igu re  7 on page 45 shows the  r e s u l t s  w ith  a z id op rop ion ic  
a c id  d im ethylam ide. W hilst  the "observed curve" (1 )  
shows a d i s t i n c t  anomaly, the  " d if fe r e n c e  curve" (4 )  
o b ta in ed  by su b tr a c t io n  o f  the  "azido curve" (3 )  shows 
n o /
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no auch anomaly, th ereb y  in d ic a t in g  that by means o f
(3 )  the r o t a t io n  c o n tr ib u t io n  o f  th e  az id o  band 
( Xo a 2900 A .U .) can be r e p r e se n te d .
For the  curves in  F igure 8, page 4 6 t we have a 
s im i la r  type o f  r e a so n in g .  The c o n tr ib u t io n  o f  the  
bromo band o f  o(-bromopropionic e s t e r  i s  c a lc u la te d  
and atib tracted  from th e  observed  r o t a t i o n  g iv in g  
th e  d i f f e r e n t  curve ( 4 ) ,  which t h i s  time s t i l l  shows 
a s l i g h t  anomaly, but very  l i t t l e  when compared to  
curve ( 1 ) .
I t  w i l l  be n o t ic e d  th a t  the a b so r p t io n  due to  
the band i s  rep re sen ted  by a c a lc u la t e d  error  curve  
o f  the type X  * <>0^ t  v ®y where ©  i s  the con stan t  
d e f in in g  the h a l f  va lu e  i n t e r v a l  *0̂  as in  the  c a l ­
c u la t io n  for r o t a t i o n  (page 4 1 ) .  In l a t e r  examples 
Kuhn a r r iv e s  a t  r o t a t i o n  cu rves  by summation o f  the 
in d iv id u a l  c o n t r ib u t io n  o f  se v e r a l  sm all o ver lap p in g  
bands; in  one case  he has fo u r  such bands w ith  the same 
a n is o tr o p y  f a c t o r  ( 1 9 ) .
By s u i t a b le  m athem atica l m an ip u la tion  o f  s e v e r a l  
cu rves from th e  e x p r e s s io n  (5 )  w ith  d i f f e r e n t  v a lu e s  
o f  the  co n sta n t  and a b so r p t io n  frequency  i t  
would probab ly  be q u ite  p o s s ib le  to smooth out the  
anom alies  in  any g iv e n  example o f  a t y p i c a l  "Cotton
rtjwiy
e f f e c t "  r o t a t i o n  cu r v e ,  and in  t h i s  r e s p e c t  the KuhnA 
l e n d s /
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l e n d s  i t s e l f  to  d o u b tfu l  e x te n s io n .  The exact  
s i g n i f i o a n c e  o f  the f i n a l  " d if fe r e n c e  curve" which 
Kuhn i n t e r p r e t s  a s  the " r o ta t io n  due to  the r e s t  
o f  th e  m o lecu le" , i s  a l i t t l e  obscure and a s  y e t  
no d e f i n i t e  check on i t s  f i n a l  form can be ob ta in ed .  
I f  the minor a b so rp tio n  curves n e c e s s a r y  fo r  the  
sm oothing o f  any minor an om alies  are e n t i r e l y  masked 
by the main band then the . j u s t i f i c a t i o n  fo r  t h e i r  
in tr o d u c t io n  ia o n ly  to be found by the f i n a l  r e s u l t  
th a t  th e  d i f f e r e n c e  curve i s  smooth. So fa r  a s  the  
thedry  a ttem p ts  to  fbrm ulate cu rv es  f o r  r o t a t io n  
d i s p e r s io n  i t s  v a lu e  w i l l  be c o n s id e r a b ly  g r e a te r  
whai the a c tu a l  r o t a t io n  to  be observed can be ob­
ta in e d  from the equ ation  d e r iv e d .
n e v e r t h e l e s s  the  th e o r y  does rep re sen t  an 
advance in  th a t  i t  ren ders p o s s i b l e  the c a l c u l a t io n  
o f  the  form o f  th e  curve to be ex p ected  as t h e  r o ta ­
to r y  c o n tr ib u t io n  o f  a g iv e n  band, on the  b a s i s  o f  
measurements fo r  c ir c u la r  d ich ro ism  and ord inary  
a b so rp t io n . In the work d e sc r ib e d  in  p r e v io u s  
S e c t io n s  i t  was found p o s s i b l e  in  many c a se s  to  
e v a lu a te  g . I t  i s  th e r e fo r e  o f  i n t e r e s t  to  see  i f  
by u t i l i s a t i o n  o f  the c o n s id e r a t io n s  o u t l in e d  in  the  « 
Kuhn th e o r y ,  i t  might be p o s s ib le  to  form ulate  curves  
o f  th e  type o b ta in ed  in  the compounds s tu d ie d .
I
4 -  /
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I t  has a lr e a d y  been su g g es ted  th a t  the 
anom alies in  the red r e g io n  of the  r o ta t io n  
d i s p e r s io n  cu rv es  s tu d ie d  are due to the n i -  
t r o s o  group. This can be confirm ed by the  
form o f  th e  d i f f e r e n c e  curve obta in ed  on sub 
t r a c t i o n  o f  th e  " n itr o so  curve" from the ob­
served  curve for  the  r o ta t io n  d is p e r s io n  o f  
the  compounds. I f  the " d if fe r e n c e  curve"  
so o b ta in ed  shows no i r r e g u l a r i t i e s  th en  i t  
can be concluded th a t  th e  abnormal o p t i c a l  
e f f e c t s  in  the red are due to th e  n i t r o s o  
band.
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The case  o f  bornylene  n i t r o s i t e  i s  o f  p a r t ic u la r  
i n t e r e s t  s in c e  w ith  the appearance o f  two a b sorp tion  
bands in  the r e d ,  th ere  i s  t h e  s im ultan eou s d eve lop ­
ment o f  c i r c u la r  d ich ro ism  and a com plete  a l t e r a t io n  
in  the form o f  the observed r o t a t io n  curve. I t  i s  
n e c e s s a r y  f i r s t  o f  a l l  to d i s t i n g u i s h  the a b so rp t io n  
c o n t r ib u t io n s  of the two o v er la p p in g  bands. This  
can be done by Tuhn’ s method o f  r e p r e s e n t in g  each  
in d iv id u a l  a b s o r p t io n  c o n t r ib u t io n  by means o f  a 
curve of t h e  type ^   ̂ ' where U = j £6Sj ?
X  in  t h i s  ca se  b e in g  the wave l e n g t h  in t e r v a l  b e t ­
ween p o in t s  in  the spectrum  fo r  which the a b so r p t io n  
i s  h a l f  i t s  maximum v a lu e .  When a com plete  observed  
a b so rp tio n  curve i s  not a v a i l a b l e ,  a s  in  th e  ca se  o f  
b orn y len e  n i t r o s i t e ,w h e r e  r e a d in g s  cou ld  n o t  be ob­
ta in e d  beyond 6900. A .U . , X  may be  a s s e s s e d  by ob serv­
in g  the  d is ta n c e  o f  t h e  one h a l f  v a lu e  p o s i t i o n  from 
the head of th e  band and d o u b lin g  t h i s  to g iv e  X • 
O h fo r tu n a te ly  in  the c a se  o f  b orn y len e  n i t r o s i t e  th e  
e x a ct  l o c a t i o n  o f  th e  h a l f  v a lu e  p o s i t i o n  for  the main 
band cannot be a c c u r a te ly  gauged due to th e  d is tu r b in g  
in f lu e n c e  o f  the secon d ary  band, and measurements are 
n o t /
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not a v a i la b le  on th e  lo n g  wave s id e  where th i s  secon ­
dary would not i n t e r f e r e .  S im i la r ly  the secondary  
hand c o n s ta n ts  are obscured by th e  main band e f f e c t s .  
S ev era l com binations o f  curves were t r i e d  u n t i l  there  
were o b ta in ed  th o se  shown g r a p h ic a l ly  on sh ee t  60 (a )  
and th e  c a lc u la t e d  v a lu e s  for which appear on sh ee t  60* 
I t  w i l l  be s e e n  th a t  the  curve o b ta in ed  by the sum o f  
the v a lu e s  fo r  th e  two c a lc u la t e d  cu rves  shows q u ite  
good agreement w ith  the  observed  curve.
By means o f  the  v a lu e s  f o r  0  and X> ob ta in ed  from  
th ese  c u r v e s ,  a lo n g  w ith  th e  a n is o tr o p y  f a c t o r  ^  at  
the head o f  each band and the maximum e x t in c t io n  
c o e f f i c i e n t  th e  c o n tr ib u t io n  o f  each band to  o p t ic a l  
r o t a t i o n  may be c a lc u la t e d  by means o f  eq u a t io n s  on 
pages 42 to  44 . In the case  o f  b ornylene  n i t r o s i t e  
the  d i s s o c i a t i o n  e f f e c t s  make i t  im p o ss ib le  to  c a lc u ­
l a t e  the m olecu lar  r o t a t i o n  and e x t i n c t i o n  c o e f f i c i e n t s .  
In t h i s  c a se  the n e c e s s a r y  a l t e r a t i o n s  in  the con stan t  
were made and in to  e q u a tio n  (2 )  were in s e r t e d  the value  
fo r  g c and l o g  I c / i  and the v a lu e s  o f  , the r o ta ­
t i o n  f o r  a 6 cm. tube fo r  d i f f e r e n t  wave l e n g t h s ,  were 
c a lc u la t e d .  In the form g iv e n  by Huhn the equation  
g iv e s  the  r o t a t io n s  in rad ian s  and the  f a c t o r  57 .30  
was t h e r e f o r e /
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th e r e fo r e  in trodu ced  to b r in g  the r e s u l t  to d e g r ee s .  
The equation  used fo r  c a lc u la t in g  bornylene  n i t r o s i t e
* WqiK
th e r e fo r e  became
Xo = 6800> gQ= 0 .0 4 0 ,  lo g  I 0/ l  = 1 .44
0  * 365
Ck = 2. 305 * 6800 x 0 * 040 * 1 . 4 4 *5]-5o
2 JtT * X








In order to  e v a lu a te  the in t e g r a l  o f  the  
(Zx*Atype 6  e ^  in s id e  the b r a c k e t ,  a s e r i e s
Jo
was employed u n t i l  C = 2 when the v a lu e  
was used . £ o . f .  (1 4 )  pege 29 0- 291 )J.
I
SC
The s e r i e s  used was
_JL
&
J2 C -  ( J l o f  + ( / s a f  -  ( J g c ) 7 ,    -  ( / g o ) ' ________
1 .3  1 . 3 . 5  1 . 3 . 5 . 7  1 . 3 . 5 . 7 . . . . 1 5
»r
I t  was found n e c e s s a r y  to take the s e r i e s  as fa r  as
j
the term in  C for  some o f  the  v a lu e s  o f  C near 2 
b e fo r e  the n e x t  term could b e  n e g le c t e d .
3 y /
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By th e se  means th e  r o t a t io n  cu rves r e p r e se n t in g  
the  in d iv id u a l  c o n tr ib u t io n  o f  th e  two bands at 5800 
and 6200 A.IT. were c a lc u la t e d .  They are r ep resen ted  
g r a p h ic a l ly  on s h e e t s ^ O ^ n d  th e  c a lc u la t e d  v a lu e s  
are shown on p age , 60 . On summation o f  th e se  th ere  
i s  o b ta in ed  the curve shown on s h e e t s  I t w i l l
be seen  th a t  the two maxima and the trough o f  the  
c a lc u la t e d  summation curve and observed curve agree  
v ery  w e l l .  The d i f f e r e n c e  curve ob ta in ed  by sub­
t r a c t i n g  c a lc u la t e d  from observed v a lu e s  i s  v e r y  
s im i la r  to  th a t  o b ta in ed  a t  14° • I t  must be r e ­
membered th a t  t h i s  d i f f e r e n c e  curve here r e p r e s e n ts  
n o t  o n ly  "the r o t a t i o n  o f  the  r e s t  o f  the m olecule"  
in  t h i s  r ed  r e g io n  but a lso  the r o t a t io n  due to the  
u n d is s o c ia t e d  m o le c u le s .  In a d d it io n  the a n iso tr o p y  
f a c t o r  fo r  the band a t  6800*18 somewhat i n d e f i n i t e  
due to the d i f f i c u l t y  o f  o b s e r v a t io n  a t  t h a t  wave 
l e n g th  and a v a r ia t io n  o f  t h i s  would a s s i s t  in  smooth­
in g  out the s l i g h t  i r r e g u l a r i t y  s t i l l  e x i s t i n g  in  the  
d i f f e r e n c e  cu r v e .  In v iew  o f  a l l  the d i s tu r b in g  
in f lu e n c e s  th e r e  i s  a good agreement between the form 
o f  th e  c a lc u la t e d  and observed  cu rves  and t h i s  i s  
r e f l e c t e d  by the com parative sm oothness o f  the  
d i f f e r e n c e  curve .
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flCaryophyllene n i t r o s i t e  and 
ftCaryophyllene I l i t r o s i t e  H y d ro ch lor id e .
In th e se  compounds i t  a t  f i r s t  appeared t h a t ,  
u n lik e  the bornylene n i t r o s i t e ,  th e  a b so rp t io n  due 
to the n i t r o s o  group c o n s i s t e d  o f  one uniform  band 
with i t s  head a t  6800 a .II. Curves for  the r o t a t io n  
d is p e r s io n  form ulated  on t h i s  b a s i s  however would 
wot g iv e  the very d e f i n i t e  n e g a t iv e  v a lu e  at 68QO 
A.U*, nor such a pronounced f l a t t e n i n g  e f f e c t  a t  X 
6000 -  6400^4, the  f l a t t e n i n g  b e in g  v e ry  n o t i c e a b le  
in  th e  ca se  o f  the h y d r o c h lo r id e .  In a d d i t io n  th ere  
i s  th e  rap id  r i s e  o f  the a n iso tr o p y  f a c t o r  to a con­
s ta n cy  over a v e ry  lo n g  ran ge . A l l  th e s e  c o n s id er a ­
t i o n s ,  in  a d d it io n  to the  bornylene f e s u i t s ,  su gg ested  
th at th e  a b s o r p t io n  fo r  th e  n i t r o s i t e  and th e  n i t r o s i t e  
h yd roch lor id e  might again be due to  the  summation o f  
two bends, the  secon dary  band in  t h i s  c a se  b e in g  com­
p l e t e l y  masked by the main band. ( c . f .  (19 )  where four  
o v er la p p in g  bands had a co n sta n t  a n iso tr o p y  fa c to r ) .
Again measurements beyond 6900/wWere n o t  a v a i la b le
and/
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and no d e f i n i t e  h a l f  v a lu e  p o s i t i o n  cou ld  h e  e s ta b ­
l i s h e d *  By s u c c e s s iv e  t r i a l s ,  however, i t  was 
found p o s s ib le  to fbrmulate the  cu rves  she. n on sh ee t  
(61(b)) where i t  w i l l  be seen  th a t  th e  a b so rp t io n  fo r  
both compounds can be very  a c c u r a te ly  r ep re sen ted  as 
the  sum o f  two o v e r la p p in g  bands. In both compounds 
th e  main c o n s ta n ts  fo r  th e  band are the  same but fo r  
the  hyd roch lor id e  the secondary  band i s  r e l a t i v e l y  
more in t e n s e .  The e f f e c t  o f  t h i s  i s  seen  when the  
c a lc u la t e d  cu rves fo r  r o t a t i o n  are drawn, s in c e  in  
th e  summation the r e l a t i v e l y  g r e a te r  e f f e c t  o f  the  
secondary band in  the h y d roch lor id e  cau ses  a g r e a te r  
f l a t t e n i n g  at 6000 -  6400$^a lthou gh  the  g e n e r a l ly  
low er r o t a t i o n  fo r  the h y d ro ch lo r id e  a lso  enhances  
the  f l a t t e n i n g *
The c a l c u l a t i o n  o f  th e  r o t a t i o n  Curves was on 
the  l i n e s  in d ic a t e d  fo r  the b o rn y len e  compound ex­
c ep t  th a t  in  t h i s  c a se  i t  was p o s s ib le  to  c a l c u l a t e  
m olecu lar  r o t a t i o n .  I t  i s  i n t e r e s t i n g  to  note  how 
th e  much low er a n is o tr o p y  f a c t o r  f o r  the caryop h y llen e  
n i t r o s i t e  h y d ro ch lo r id e  i n d ic a t e s  im m ediate ly  the much 
low er c o n t r ib u t io n  o f  the band to th e  m olecular  
r o t a t i o n /
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r o t a t i o n ,  even a lth ou gh  the  maximum m olecular e x t i n c t i o n  
c o e f f i c i e n t s  are almost th e  same.
The c a lc u la t e d  cu rves fo r  th ese  compounds ( s h e e t s  61, 
f W ) when 0 ompared to the observed curves g ive  e v e iy  
j u s t i f i c a t i o n  f o r  the b e l i e f  th a t  the r o ta t io n  anomaly -  
and indeed almost th e  e n t ir e  r o t a t i o n  -  in  the red i s  
due to th e  n i t r o s o  a b so r p t io n . The d i f f e r e n c e  curve  
i s  v ery  s im i la r  fo r  both  compounds, a lthou gh  as might 
be ex p ected , i t  i s  h igh er  fo r  the n i t r o s i t e  than for  
th e  h y d ro c h lo r id e .
There i s  s t i l l  a s l i g h t  anomaly in  the d i f f e r e n c e  
curve but i t  i s  v e r y  s l i g h t  and o n ly  i t s  r e g u l a r i t y  
makes i t  o f  im portance. This sm a ll  anomaly may be 
e x p la in ed  by the assum ption o f  minor a b so rp tio n  bands 
c o m p le te ly  masked b y  th e  la r g e r  bands. I t  w i l l  be 
n o t ic e d  a ls o  th a t  in  one o f  th e  exam ples from Kuhn’ s 
work g iv e n  on page 46 a s l i g h t  anomaly s t i l l  rem ains.
The fo r e g o in g  r e p r e s e n t s  an a ttem pt to employ 
a b so r p t io n  and e l l i p t i c i t y  measurements ( g i v in g  the  
v a lu e s  o f  g and OC ) to  form ulate  graph? for  the con­
t r i b u t i o n  to  r o t a t i o n  o f  g iv e n  abaorptiaa bands on 
t h e /
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the l i n e s  o f  the v e ry  r e o e n t  work o f  Werner Kuhn. 
D i f f i c u l t i e s  i n  the form o f  d i s tu r b in g  f a c t o r s  such  
as d i s s o c i a t i o n  in  th e  case  o f  bornylene  n i t r o s i t e ,  
th e  absence o f  com plete  a b so rp t io n  data due to the  
d i f f i c u l t y  o f  c o n t in u in g  measurements beyond 7000 ~.U. 
and the g e n e r a l  d i f f i c u l t y  o f  o p t i c a l  measurements in  
the extreme r e d ,  cannot be e n t i r e l y  e l im in a te d ,  but 
even w ith  th e s e  i t  i s  p l a i n  th a t  the form o f  r o ta t io n  
d is p e r s io n  cu rv es  i n s id e  a b so r p t io n  bands can be  
accounted fo r  on the  l i n e s  o f  the Kuhn th e o ry .
C r i t ic is m  may be d ir e c t e d  at the j u s t i f i c a t i o n
fo r  c a lc u la t in g  an a b so rp tio n  curve alw ays as i f  i t
-c*
were o f  the form X - X a n d  a t  the  somewhat vague  
s i g n i f i c a n c e  o f  the r e s u l t s  o b ta in ed  f o r  "the 
" d if fe r e n c e  curve" . In t h i s  l e t t e r  c o n n ec tio n  
s t u d ie s  o f  groups o f  c l o s e l y  r e la t e d  compounds can  
do much to  confirm  th e  e x p la n a t io n s  advanced by Kuhn 
on the b a s i s  o f  e l e c t r o n i c  d i s t r i b u t i o n .  In
a d d i t io n  th e r e  i s  in  p r a c t i c e  the te d io u s  n a tu re  o f  
th e  c a lc u la t io n s  n e c e s s a r y  to e v a lu a te  an ex p ress io n  
fo r  the r o t a t i o n  which a t  b e s t  i s  o n ly  an approxima­
tion*
A/
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A v a lu a b le  f e a tu r e  i s  the  in tr o d u c t io n  o f  the 
e x p r e s s io n  the  " a n iso tro p y  f a c to r " ,
s in c e  t h i s  g iv e s  a q u a n t i t a t iv e  s i g n i f i c a n c e  to 
th e  r o ta to r y  c o n t r ib u t io n  o f  d i f f e r e n t  a b sorp tion  
bands, and i s  moreover capable  o f  e x te n s io n  to  
in c lu d e  o th er  in f lu e n c e s  such as  so lv e n t  e f f e c t .
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ROTATIOU A1TD ABSORPTION FOR BORRYLSITS
NITROSITE
R o ta t io n s  fo r 6 cm. tube Jf A b so r p t io n ( lo g  I 0/ l )
1 f o r  6 cm. tu b e .
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ROTATION AND ABSORPTION POR CARYOPH3TLL3NS
NITROSITB HYDR0CH10RID3.
R o ta t io n s  [m] Mol . 3x t . C o e f f t s .  >c
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- Calê Uhd d
CA3Y0PHYLL ln m o s  3
ITHOM'x']
combinecInc iv i  dur.l coil-
Hot o u ioilt r i b u t  ions tc
red  reg io n  compris- 
TITitroso Absorption"
c;-3yopeyl:
01)s e r v e d  and c a l c u l a t e d  r o -  
t - ‘t i o n s  sh o e in g  " D i f f e r e n c e
■/fbce
HYDRO Oil LOR IDR
I n d i v i d u a l  and 
to  R o t a t i o n  of
30mb in e d  c 
two bonds
} l i t  r i  trot i o n s  
in r e d
T J i t ro soon corner
FYHROCKLDRIDE
3t l e . i l a t c d  Ho t  
f fe re n c e  Carve
erved
lov.d ng
R S F 3 B 3 B C 3 S
(1 )  G. Bruhat, Ann. P h y s iq u e . ,  S e r ie s  9 , (1915), £ ,  232.
(2 )  G. Bruhat, B u l l .  Soc. Chim., (1 9 3 0 ) ,  4 7 . 251.
(3 )  G. Bruhat, T ra ite^ d e Polar ime t r i e , (1 9 3 0 ) .
(4 )  A. Cotton, Compt. r e n d . ,  (1 8 9 5 ) ,  1 2 0 . 989, 1044.
(5 )  *i. C otton , i-nn. Chim. P h y s . ,  S e r ie s  7 ,  (1 8 9 6 ) ,
8 ,  347.
(6 )  3 . D eussen, Annalen, (1 9 1 2 ) ,  3 8 8 . 159.
(7 )  3 .  D eussen, xmnalen, ( 1 9 0 7 ) ,  3 5 6 . 2 .
( 8 )  G. G. Henderson and I.M. H e ilh ro n , J .C .S .  , ( 1 9 1 2 ) ,
1 0 1 . 1416 .
(9 )  ii. Japp, " S tereo ch em is try  and V ita l is m " .
P rea id . Address t o  Chemistry S e c t io n ,
B r i t .  A s s . ,  ( 1 8 9 8 ) .  and d i s c u s s io n  
in  "Hature", ( 1 8 9 8 ) ,  58.
(1 0 )  P.M. J a e g er ,  " P r in c ip le  o f  Symmetry".
Amsterdam (1917J.
(1 1 )  G. Horttbn, P h y s i c a l .  Ke i t  s . , ( 1 9 3 0 ) ,  3 1 ,  641.
(1 2 )  3 .  Hremera and 0. S c h r e in e r ,  Pharm. u r c h . ,  ( 1 8 9 9 ) ,
2 ,  282.
(1 3 )  W. Kuhn, B e i t ,  p h y s ik a l .  Chem. ( 1 9 2 9 ) ,  B, 4 ,  1 4 .
(1 4 )  W. Kuhn and 3 .  Braun, B e it .  P h ya ik a l.  Chem., (1 9 3 0 ) ,
B, £ ,  281.
(15 )  W. Kuhn, Trans. Farad. S o c . ,  ( 1 9 3 0 ) ,  26 , 299.
(16 )  W. Kuhn and 3. Braun, H aturwiaa, ( 1 9 2 9 ) ,  1 7 .  22.7.
1 7 /
R-SP3H3IC3S ( C ontinued)
(1 7 ) it • Kuhn, Z e i t .  p h y a ik a l .  Chem., (1 9 3 0 ) ,  13, _7, 292.
(1 8 ) w. Kuhn and 3 . Braun, K elt ,  p h y a ik a l .  Chem., (1 9 3 0 ) ,
B, _8, 445.
(19) w. Kuhn and Lehmann, C e l t s ,  Z le c tr o c h e m ie , ( 1 9 3 1 ) ,
37 , 549.
(2 0 ) w. Kuhn, K. SJreudenberg and S e i d l e r ,  Z e it  p h y a ik a l .
Chem., (1 9 3 1 ) ,  B, 1 3 ,  379.
(21 ) w. Kuhn and Core, Z e i t .  p h y a ik a l .  Chem., (1 9 3 1 ) ,
3 ,  12 , 389.
(22 ) vri t  • Kuhn and 3 . Knopf, Z e i t .  p h y s ik a l .  Chan., (1 9 3 0 ) ,
B, 1 ,  292.
(23 ) w. Kuhn and A. Szabo, Z e i t .  p h y a ik a l .  Chen., (1 9 3 1 ) ,
B, 1 5 ,  59 .
(24 ) s , M it c h e l l ,  J .C .8 .  , ( 1 9 2 8 ) ,  3258.
(2 5 ) s . M it c h e l l ,  J .C .S . ,  (1 9 3 0 ) ,  1829 .
(26 ) s . M itc h e l l  and S.B. Cozmaek, J. C .S . ,  ( 1 9 3 2 ) ,  415.
(2 7 ) T. S. P a t te r s o n ,  J .  Soc. Chem. I n d . ,  ( 1 9 0 2 ) ,  21 , 456.
(28 ) T. S. P a t te r s o n  and F o rsy th , J . C .S . , ( 1 9 1 3 ) ,  1 0 3 . 2203.
(2 9 ) I . S. P a t te r s o n  and A. Lawson, J .C .S . ,  ( 1 9 2 9 ) ,  2045.
(3 0 ) P i l o t y ,  B e r . ,  ( 1 9 0 2 ) ,  35 , 3092 .
(31 ) L. T schugaef and W. B udrick , Annalen, (1 9 1 2 ) ,  388 . 280
(32) Walker, J .C .S . ,  ( 1 8 9 5 ) ,  931 .
(3 3 ) Wood, Such and S c a r f ,  J .C . S . ,  (1 9 2 3 ) ,  1 2 3 . 607.
(3 4 ) Van’ t  H o ff ,  "Die la g er u n g  der Atome im Raume," 1894 ,
p. 30.
(35 ) 0 . W allach, Annalen, ( 1 8 9 2 ) ,  271 . 295.
R2F3R3HCES (Continued).
(3 6 )  M athieu , Compt. r e n d . ,  (1 9 3 2 ) ,  1 9 4 . 268-270 .
(37 ) M athieu, Compt. r e n d . ,  (1932). 1 9 4 . 367.
(3 8 )  L. Uatanaon, Anz. Kfcu.. W ies. Krakau, (1 9 0 8 ) ,  764 ,
( 1 9 0 9 ) ,  25 .
c . f .  Kuhn (13) page 28.
AtraoWLEDGMEUTS.
At t h i s  time I d e s i r e  to  acknowledge my 
g r ea t  in d eb ted n e ss  to the Department o f  
S c i e n t i f i c  and I n d u s t r ia l  R esearch , and The 
Carnegie Trust fo r  the U n iv e r s i t i e s  o f  
S c o t la n d , f o r  Grants which enabled me to  
undertake th e  fo r e g o in g  work; and to  Dr. 
S to th erd  M it c h e l l  fo r  h i s  guidance and 
ad v ice  throughout th e  p e r io d .
